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1.0 Features

» Triple phase-locked loop (PLL) device provides exact
ratiometric derivation of Audio, Processor, and Utility
Clocks

» [’C"-bus interface for Audio and Utility Clock
frequency selection

e [*C™-bus/board programmable Processor Clock
frequency selection

s On-chip tunable voltage-controlled crystal oscillator
(VCXO) allows precise system frequency tuning

e Supports 32, 44.1, and 48kHz 256x oversampled
DACs as well as 384x at 44.1kHz and 512x at 48kHz

+ Tunable Audio Clock frequencies for undetectable
resynchronization of audio and video streams

 Custom frequency selections available - contact your
local AMI Sales Representative for more information

Figure 1: Block Diagram

Processor %‘
Clock PLL & , .% PCLK
B o L
Audio
Clock PLL ACLK
UCLK
ADDR —(
CLK_27
BC-bus B |
SCL Interface -
SDA O

2.0 Description

The FS6012-02 is a monolithic CMOS clock generator IC
designed to minimize cost and component count in digital
video/audio systems.

At the core of the FS6012-02 is circuitry that implements
a voltage controllable crystal oscillator when an external
resonator is attached. The circuitry allows device fre-
quencies to be precisely adjusted for use in systems that
have frequency matching requirements, such as digital
satellite receivers.

Three high-resolution phase-locked loops independently
generate three other selectable frequencies derived from
the VCXO frequency. These clock frequencies are re-
lated to the VCXO frequency and to each other by exact
ratios. The locking of all the output frequencies together
can eliminate unpredictable artifacts in video systems
and unpredictable electromagnetic interference (EMI)
performance due to frequency harmonic stacking.

Figure 2: Pin Configuration
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16-pin (0.150") SOIC

1°C is a licensed trademark of Philips Electronics N.V. American Microsystems, Inc. reserves the right to changs the detail specitications as may be required to permit improvernents i the design of

its products.
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Table 1: Pin Descriptions

Key: Al = Analog input; AO = Analog Qutput; DI = Digital input; DI = Input with Internal Puli-Up; Dip = Input with Internal Puli-Down; DIO = Digital Input/Output; DI-3 = Three-Level Digital input,
DO = Digital Output; P = Power/Ground; # = Active Low pin

July 1998

PIN TYPE NAME DESCRIPTION
1 DI SCL Serial Data Clock
2 DIO SDA Serial Data Input/Output
3 Dip ADDR Address Select Bit
4 P VSS Ground
5 Al XiN VCXO Feedback
6 AO XOouT VCXO Drive
7 Al XTUNE VCXO Tune
8 P VDD Power Supply (+5V)
9 Dlp PSEL1 PCLK Select MSB
10 Dlp PSELO PCLK Select LSB
11 P VSS Ground
12 DO PCLK Processor Clock Output
13 DO UCLK Utility Clock Output
14 P VDD Power Supply (+5V)
15 bo ACLK Augdio Clock Output
16 DO CLK27 Reference Clock Output

3.0 Functional Block Description

3.1 Phase-Locked Loops

Each one of the three on-chip PLLs in the FS6012 is a
standard frequency- and phase-locked loop architecture.
Each PLL multiplies the reference oscillator to the desired
frequency by a ratio of integers. The frequency multipli-
cation is exact.

An onboard ROM contains the PLL settings that control
the relationship between reference and output frequen-
cies. The I°C-bus communications are used to choose a
desired ROM setting. Custom frequency seiections are
available for this device. Contact your local AMI Sales
Representative for more information

1SC3001

3.2 Oulput Tristate Control

All four clock outputs of the FS6012 may be tristated to
facilitate circuit board testing. To place the outputs in
tristate mode, follow this sequence:

force XIN low (i.e. ground)

apply power to the device

3. wait until the internal power-on reset has de-asserted
4, apply a negative-going transition to the PSELO pin

Outputs may be re-enabled by removing and reapplying
VDD to the device. To re-enable outputs without remov-
ing power, apply a positive-going transition to the XIN in
and follow it with a negative-going transition on the
PSELQ pin.

N -
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3.3 Voltage-Controlled Crystal Oscillator

(VCXO)

The VCXO provides a tunable, low-jitter frequency refer-
ence for the rest of the FS6012 system components.
Loading capacitance for the crystal is internal to the
FS6012. No external components {other than the reso-
nator itself) are required for operation of the VCXO.

The resonator loading capacitance is adjustable under
register control. This permits factory coarse tuning of in-
expensive resonators to the necessary precision for digi-
tal video applications.

Continuous fine-tuning of the VCXO frequency is accom-
plished by varying the voltage on the XTUNE pin. The
total change (from one extreme to the other) in effective
loading capacitance is 1.5pF nominal.

The oscillator operates the crystal resonator in the paral-
lel-resonant mode. Crystal warping, or the “pulling” of the
crystal oscillation frequency, is accomplished by altering
the effective load capacitance presented to the crystal by
the oscillator circuit. The actual amount that changing the
load capacitance alters the oscillator frequency will be
dependent on the characteristics of the crystal as well as
the oscillator circuit itself.
Specifically, the motional capacitance of the crystal (usu-
ally referred to by crystal manufacturers as C,), the static
capacitance of the crystal (Cy), and the load capacitance
(Cy) of the oscillator determine the warping capability of
the crystal in the oscillator circuit.
A simple formula to obtain the warping capability of a
crystal oscillator is:

(4
Af (ppm) = Cxx(CLz CL:)Xlo
2%(Co+ Cr2)¥ (CotCur)

where C_; and Gy, are the two extremes of the applied

load capacitance. A crystal with the following parameters

is used. With C1 = 002pF, Co = 5pF, CU = 1OpF, CL2 =
22.66pF, the coarse tuning range is:

0.02x(22.66 —10)x10°

Af = ( )X10

2x(5+22.66)x (5 +10)

=305 ppm

1363001

4.0 Programming Information

Table 2: Register Summary

BIT D[x] REGISTER BIT DESCRIPTION
0 ACLK Select (LSB)
1 ACLK Select
Tz ACLK Select 7
5 ACLK Select (MSB)
4 : UCLK Select (LSB)
5 UCLK Select
6 UCLK Select
7 UCLK Select (MSB)
i 8 PCLK Select (LSB)
9 PCLK Select
19 PCLK Select (MSB) -
11 Crystal Oscillator Coarse Tune (LSB) i
12 Crystal Oscillator Coarse Tune o
13 Crystal Oscillator Coarse Tune f
1 4 - Crystal Oscillator Coarse Tune (MSB)
- VCXO Fine Tune Enable/Disable
15 Héqut =0 . Disable Fine Tune
"Bit=1  Enable Fine tune -
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4.1  Audio PLL Clock Frequencies (ACLK)

The ACLK frequency is controlled by register bits D[0],
D[1], D[2], and D3], accessed via the serial interface.
ACLK frequencies listed below are derived via the PLL
Divider Ratio from a reference frequency of 27MHz.

Table 3: ACLK Frequency Select via I°C-bus

July 1998

4.3 Processor PLL Frequencies (PCLK)

The PCLK frequency is controlled by either the logic lev-
els on the PSEL inputs or through bits D[{10:8]. PCLK fre-
quencies listed below are derived via the PLL Divider Ra-
tio from a reference frequency of 27MHz. These inputs
have weak pull-downs.

Table 5: PCLK Frequency Select via Pins

‘NOTE: Contact AMI for custom PLL frequencies

4.2  Utility PLL Clock Frequencies (UCLK)

The UCLK frequency is controlled by register bits D[4],
D[5], D[6] and D7}, accessed via the serial interface.
UCLK frequencies listed below are derived via the PLL
Divider Ratio from a reference frequency of 27MHz.

D3] | D[2] | D[1] | D[] | PLL DIVIDERRATIO | ACLK (MHz)
5T o o o oy 20000 ADDR | PSEL1 | PSELO| PLLDIVIDERRATIO | PCLK (MHz)
ol 0 0] 1 784 /1875 11.2896 0 0 0 35/ 66 14.31818 |
0o ol 110 51271875 73728 0 0 1 423/644 | 1773847
oo | 1|1 12811875 18432 | 0 1 0 35/ 264 3.579545
o 10| o0 8/9 ~ 24.0000 0 1 1 See Table 6 o
o 1. 0 | 1 1 T 270000 1 0 0 ~ 427/2600 4.43423
o 1,1 0 823 /1968 12012 1 .0 1 423 /2576 4.433618
BIERERE 461/ 1688 73738 | 11 0 1135/ 6912 4.4335937
1 0 0.0 9971450 1.8434 ’*l NOTE1: Con%act A:»M for custo1m PLL frequencies See Table®
170 0 1 809 /910 24.0033

1010to 1111 Duplicate of 0010 to 0111 selections |

For the special case where both PSEL inputs are high,
the PCLK frequency is controlled by data bits D[10:8].
PCLK frequencies listed below are derived via the PLL
Divider Ratio from a reference frequency of 27MHz.

Table 6: PCLK Frequency Select via I°C-bus

Table 4: UCLK Frequency Select via I’C-bus  —ol 211 | DI°1 | PLLDIVIDERRATIO POLK (2 |
0 o | o0 35/ 66 14.3182
D[7] | D[6] | D[5] | D[4] | PLL DIVIDERRATIO | UCLK (MHz) 0 o 1 4237 644 177345
ol o o] o 32/27 32.0000 0 | 1 0 35 / 264 35795
ol o o0 | 1 34/ 143 6.4196 0 1 1 728/375 52.4160
o 0,1 0 68/ 143 12.8392 | 1 | o 0 427 / 2600 4.4342
0o | 1 1 488/ 2025 6.5067 1 0 1 ~ 423/2576 | 4.43361
ol 1] 0 o0 976 / 2025 13.0138 1 1 0 1135 /6912 | 4.43359
o 1o |1 13/54 6.5000 IERE 1 18/25 19.4400
0 1 5 0 13/27 13.0000 - NOTE: Contact AMI for custom PLL trequencies
ol 1 [ 111 10/ 11 245454
1 0|0 0 1 270000 |
BEEEEE 10/33 | s1sts
10100 1111 Duplicate of 0010 to 0111 selections |

lNOTE: Contact AMI for custom PLL frequencies

1563001
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4.4 VCXO Coarse Tuning and Enable

The VCXO may be coarse tuned by a programmable ad-
justment of the crystal load capacitance via D{14:11)]. The
actual amount of frequency warping caused by the tuning
capacitance will depend on the crystal used. The VCXO
tuning capacitance includes an external load capacitance
of 6pF (12pF from the XiN pin to ground and 12pF from
the XOUT pin to ground).

The fine tuning capability of the VCXO can be enabled by
setting D[15] to a logic-one or disabled by clearing the bit
to a logic-zero.

Table 7: VCXO Coarse Tuning via I1°C-bus

B e P T
0 0 0 0 10.00 §
0 0 0 1 10.84 7
0 0 1 0 11.69 B
0 0 1 1 1253
0 1 0 0 13.38 )
0 1 0 1 14.22 o
“““ 0 1 1 0 15.06
0 1 1 1 15.91 -
1 0 0 0 16.75 o
1 0 0 1 17.59 o
1 0 1 0 18.43 N
1 0 1 19.28 N
1 1 0 0 20.13 B
R 1 0 1 20.97
1 1 1 0 21.81 7
1 1 1 1 22.66 ]

1308001

Figure 3 shows the typical effect of the coarse and fine
tuning mechanisms. The difference in VCXO frequency in
parts-per-million (ppm) is shown as the fine tuning voit-
age on the XTUNE pin varies from OV to 5V. The coarse
tune range as shown is about 350ppm. As the crystal
load capacitance is increased (with increasing Coarse
Tune setting) the frequency is pulled somewhat less with
each coarse step and the fine tuning range decreases.
The fine tuning range always overlaps a few coarse tun-
ing ranges, eliminating the possibility of holes in the
VCXO response. Note that different crystal warping char-
acteristics will change the scaling on the Y-axis, but not
the overall characteristic of the curves.

Figure 3: VCXO Coarse and Fine Tuning

VCXO Range (ppm) vs. XTUNE Voltage (V)
200 |
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12C-bus Control Interface

This device is a read/write slave device
meeting all Philips 1°C-bus specifications
except a “general call”. The bus has to be
* controlled by a master device that generates
the senal clock SCL, controls bus access, and generates
the START and STOP conditions while the device works
as a slave. Both master and slave can operate as a
transmitter or receiver, but the master device determines
which mode is activated. A device that sends data onto
the bus is defined as the transmitter, and a device re-
ceiving data as the receiver.

I’C-bus logic levels noted herein are based on a percent-
age of the power supply (VDD). A logic-one corresponds
to a nominal voltage of VDD, while a logic-zero corre-
sponds to ground (VSS).

5.0

5.1 Bus Conditions

Data transfer on the bus can only be initiated when the
bus is not busy. During the data transfer, the data line
{SDA) must remain stable whenever the clock line (SCL)
is high. Changes in the data line while the clock line is
high will be interpreted by the device as a START or
STOP condmon The following bus conditions are defined
by the 1?C-bus protocol.

5.1.1 Not Busy

Both the data (SDA) and clock (SCL) lines remain high to
indicate the bus is not busy.

5.1.2 START Data Transfer
A high to low transition of the SDA line while the SCL in-

put is high indicates a START condition. All commands to
the device must be preceded by a START condition.

5.1.3 STOP Data Transfer

A low to high transition of the SDA line while SCL is held
high indicates a STOP condition. All commands to the
device must be followed by a STOP condition.

5.1.4 Data Valid

The state of the SDA line represents valid data if the SDA
line is stable for the duration of the high period of the SCL
line after a START condition occurs. The data on the
SDA line must be changed only during the low period of
the SCL signal. There is one clock pulse per data bit.
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Each data transfer is initiated by a START condition and
terminated with a STOP condition. The number of data
bytes transferred between START and STOP conditions
is determined by the master device, and can continue
indefinitely. However, data that is overwritten to the de-
vice after the first eight bytes will overflow into the first
register, then the second, and so on, in a first-in, first-
overwritten fashion.

5.1.5 Acknowledge

When addressed, the receiving device is required to gen-
erate an Acknowledge after each byte is received. The
master device must generate an extra clock puise to co-
incide with the Acknowledge bit. The acknowledging de-
vice must pull the SDA line low during the high period of
the master acknowledge clock pulse. Setup and hold
times must be taken into account.

The master must signal an end of data to the slave by not
generating and acknowledge bit on the last byte that has
been read (clocked) out of the slave. In this case, the
slave must leave the SDA line high to enable the master
to generate a STOP condition.

5.2  PC-bus Operation

All programmable registers can be accessed randomly or
sequentially via this bi-directional two w1re digital inter-
face. The device accepts the following I°C commands.

5.2.1 Slave Address
After generating a START condition, the bus master
broadcasts a seven-bit slave address followed by a R/W
bit. The address of the device is:

A6 A5 A4 A3 A2 Al A0

1 0 1 1 X 0 0
where X is controlled by the logic level at the ADDR pin.
The variable ADDR bit allows two different devices to

exist on the same bus. Note that every device on an *C-
bus must have a unique address to avoid bus conflicts.

5.2.2 Random Register Write Procedure

Random write operations aliow the master to directly
write {0 any register. To initiate a write procedure, the
R/W bit that is transmitted after the seven-bit device ad-
dress is a logic-low. This indicates to the addressed slave
device that a register address will follow after the slave
device acknowledges its device address. The register
address is written into the slave's address pointer. Foi-
lowing an acknowledge by the slave, the master is al-
lowed to write eight bits of data into the addressed regis-
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ter. A final acknowledge is returned by the device, and
the master generates a STOP condition.

if either a STOP or a repeated START condition occurs
during a Register Write, the data that has been trans-
ferred is ignored.

5.2.3 Random Register Read Procedure

Random read operations allow the master to directly read
from any register. To perform a read procedure, the R/W
bit that is transmitted after the seven-bit address is a
logic-low, as in the Register Write procedure. This indi-
cates to the addressed slave device that a register ad-
dress will follow after the slave device acknowledges its
device address. The register address is then written into
the slave’s address pointer.

Following an acknowledge by the slave, the master gen-
erates a repeated START condition. The repeated
START terminates the write procedure, but not until after
the slave’s address pointer is set. The slave address is
then resent, with the R/W bit set this time to a logic-high,
indicating to the slave that data will be read. The slave
will acknowledge the device address, and then transmits
the eight-bit word. The master does not acknowledge the
transfer but does generate a STOP condition.

5.2.4 Sequential Register Write Procedure

Sequential write operations allow the master to write to
each register in order. The register pointer is automati-
cally incremented after each write. This procedure is
more efficient than the Random Register Write if several
registers must be written.

To initiate a write procedure, the R/W bit that is transmit-
ted after the seven-bit device address is a logic-low. This
indicates to the addressed slave device that a register
address will follow after the slave device acknowledges

1363001

its device address. The register address is written into the
slave's address pointer. Following an acknowledge by the
slave, the master is allowed to write up to eight bytes of
data into the addressed register before the register ad-
dress pointer overflows back to the beginning address.
An acknowledge by the device between each byte of data
must cecur before the next data byte is sent.

5.2.5 Sequential Register Read Procedure

Sequential read operations allow the master to read from
each register in order. The register pointer is automati-
cally incremented by one after each read. This procedure
is more efficient than the Random Register Read if sev-
eral registers must be read from.

To perform a read procedure, the R/W bit that is trans-
mitted after the seven-bit address is a logic-low, as in the
Register Write procedure. This indicates to the addressed
slave device that a register address will follow after the
slave device acknowledges its device address. The reg-
ister address is then written into the slave’'s address
pointer.

Following an acknowledge by the slave, the master gen-
erates a repeated START condition. The repeated
START terminates the write procedure, but not until after
the slave's address pointer is set. The slave address is
then resent, with the R/W bit set this time to a logic-high,
indicating to the slave that data will be read. The slave
will acknowledge the device address, and then transmits
all eight bytes of data starting with the initial addressed
register. The register address pointer will overflow if the
initial register address is larger than zero. After the last
byte of data, the master does not acknowledge the
transfer but does generate a STOP condition.

7.20.98
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Figure 4: Random Register Write Procedure
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gggﬂ;n d WRITE Command Acknowledge
From bus host From device
to device { to bus host

Figure 5: Random Register Read Procedure
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Figure 6: Sequential Register Write Procedure
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From bus host From device
to device to bus host

Figure 7: Sequential Register Read Procedure
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6.0 Electrical Specifications

Table 8: Absolute Maximum Ratings

Stresses above those listed under Absoiute Maximum Ratings may cause permanent damage to the device. These conditions represent a stress rating only, and functional operation of the device at
these or any other conditions above the operational limits noted in this specification is not implied. Exposure to maximum rating conditions for extended conditions may atfect device performance,
functionality, and reliability.

PARAMETER SYMBOL MIN. MAX. UNITS
Supply Voltage (Vss = ground) Voo Vss-0.5 7 \4
Input Voltage, dc V, Vss-0.5 Vop+0.5 Y
QOutput Voltage, dc Vo Vss-0.5 Voot+0.5 \
Input Clamp Current, dc (V< 0 or V> Vgp) I -50 50 mA
Output Clamp Current, dc (Vi< 0 or V> Vpp) lok -50 50 mA
Storage Temperature Range (non-condensing) Ts -65 150 °C
i Ambient Temperature Range, Under Bias Ta -55 125 °C
Junction Temperature T, 125 “C
Lead Temperature (soldering, 10s) 260 °C
Input Static Discharge Voitage Protection (human-body model) 2 kv

CAUTION: ELECTROSTATIC SENSITIVE DEVICE

Permanent damage resulting in a loss of functionality or performance may occur if this device is subjected to a high-energy elec-
trostatic discharge.

Table 9: Operating Conditions

PARAMETER SYMBOL CONDITIONS/DESCRIPTION MiIN. TYP. MAX. UNITS
Supply Voltage Voo 5V + 10% 45 | 5 55 v
Ambient Operating Temperature Range Ta 0 " 70 °C
Resonator or Crystal Frequency fan - 24 27 28 MHz
Resonator Motional Capacitance Cumor AT cut 25 fF
Output Load Capacitance C. 15 pF
I*C Data Transfer Rate | standard Mode ” 100 400 kHz

9
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Table 10: DC Electrical Specifications

Uniess otherwise stated, Voo = 5.0V £ 10%, no load on any output, and ambient temperature range T, = 0°C to 70°C. Parameters denoted with an asterisk { * ) represent nominal characierization
data and are not currently production tested to any specific timits. MIN and MAX characterization data are + 3o from typical. Negative currents indicate current flows out of the device.

PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN. TYP. MAX. UNITS
Overall
gt;;:gllj)tlsCurrent, Dynamic, with Loaded oo fou = 27MHZ: C, = 15pF 58 80 | mA
Supply Current, Static looL fun =0 o 25 mA
Serial Communication /O (SDA, SCL) - S
High-Level Input Voltage Vin - 0.7Veo Vpo+0.3 \Y
Low-Level Input Voltage Vi I Vss-0.3 0.3V V
Hysteresis Voitage Viys 0,4Vg.§wwm o v
input Leakage Current I ' -1 i 1 pA
~ Low-Level Output Sink Current (SDA) lot VoL=04V, Voo = 45V 10 25 mA
_ Control Inputs (ADDR, PSELO, PSEL1) B o o
High-Level Input Voltage o Vin o 2.4 Vpp+0.3 I v S
Low-Level Input Voltage Vi Vss-0.3 0.8 A
High-Level Input Current (pull-down) I Vi = Vop = 5.5V 5 12.7 50 uA
Low-Level Input Current n i -1 1 [ HA
Crystal Osciilator Feedback (XIN)
Threshold Bias Voltage * Vin N 0.5V00 v
Input Leakage Current i - - ; -1 1 A
Crystal Loading Capacitance * Cuixtaly ;\osxs&egntzjy)?ggge\r/nca;(gﬁ;a;:‘;o‘;gx::g 10 ‘ pF
| e e e ™
Crystal Oscillator Drive (XOUT) a
High-Level Output Source Current * {on Vo = 0V: D[15] = 0 45 nA
‘ ' Vo =0V, V(XTUNE) = 5V; D[15] = 1 L .52
Vo=5V;D[15)=0 53
Low-Level Qutput Sink Current * : lov i Vo = 5Y. V(XTUNE) = 5V: D[15] = 1 o3 HA
VCXO Tuning Input (XTUNE)
Input Leakage Current h | ' B { 1 B T{ 1 uA
Clock Outputs (ACLK, CLK27, PCLK, UCLK)
High-Level Output Source Current lon Vo =24V o -46 mA
Low-Level Output Sink Current fov Vo = 0.4V 64 L mA
Zou Vo = 0.5Vpp; output driving high 53
Output Impedance Zoy Vo =0.5Vpp; outzut drévin: Iosv 57 ¢
Tristate Output Current loz T +10 uA
Short Circuit Source Current * losn Vo = OV; shorted for 30s, max. | -60 mA
Short Circuit Sink Current * ! lost Vo = 5V; shorted for 30s, max. ¢ B85 | mA

10
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Table 11: AC Timing Specifications

Unless otherwise stated, Vpp = 5.0V + 10%, no load on any output, and ambient temperature range T = 0°C to 70°C. Parameters denoted with an asterisk ( * ) represent nominal characterization
data and are not currently production tested to any specific fimits. MIN and MAX charactenzation data are £ 3¢ from typical.

PARAMETER SYMBOL CONDITIONS/DESCRIPTION C(';‘?;)K MIN. | TYP. | MAX. | UNITS
Clock Output (PCLK)
’’’’ 14.318 48 52
17.734 48 52
3.579 48 52
. - - 52.416 40 4
Duty Cycle From rising edge to rising edge at 2.5V 2.4342 yr 52 Yo
| 44336 48 52 |
44335 . 48 52 :
o 19.440 48 52 ;
14.318 ¢ 510
17.734 500 i
. o 3579 520
Measured from rising edge to 1” rising 5416 | 620 :
Jitter, Absolute (long term) * tia) edge after 0.1s at 2.5V, s 4342 : P ——  p$
Cy = 15pF, frer = 27MH2z L : ; ! :
44336 | 750
4.4335 | 740
19440 580
14.318 40
17.734 940 ]
3.579 130 }
; . ‘ ) Measured on the rising edges at 2.5V, 52.416 L2110
Jitter, Period - ten C = 15pF, faer = 27MHz 44342 R e
4.4336 240 |
4.4335 - 280 :
o 19.440 1080
Clock Stabilization * fst8 Output active from power-up 260 | s
Rise Time * ? t, Vo =0.5V to 4.5V; C_ = 15pF 35 " ons
Fall Time * : t Vo=05V1to 45V, C =15pF 1.8 ns
Clock Output (CLK27)
. . Crystal oscillator frequency out, from rising : ' : j o
Duty Cycle _ edgetorisingedgeat25V 27 ‘ 462 : °
Clock Stabitization Time * tste . Output active from power-up » o . 300 o us
Rise Time * t Vo = 0.5V 0 4.5V; C, = 15pF | 35 o ns
Fall Time * ‘ s Vo = 0.5V to 4.5V; C, = 15pF 22 s
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Table 12: AC Timing Specifications, continued

Unless otherwise stated, Vpp = 5.0V + 10%, no load on any output, and ambient temperature range Ta = 0°C to 70°C. Parameters denoted with an asterisk ( * ) represent nominal characterization
data and are not currently production tested to any specific imits. MIN and MAX characterization data are + 3o from typicai.

PARAMETER SYMBOL CONDITIONS/DESCRIPTION ‘ib%‘z’)'( MIN. | TYP. . MAX. | UNITS
Clock Output (ACLK)
320000 | 44 | 48 )
11.2896 a8 . B2
7.3728 48 | 52
1.8432 48 S -
R : . . 24.0000 44 L 48 o
Duty Cycle . From rising edge to rising edge at 2.5V 27 0000 44 s Yo
' 11.2912 48 {2
7.3738 48 toB2
. 1.8434 48 . B2
. 240033 | 44 | 48
32.0000 440
11.2896 670
73728 | 600
1.8432 730 ’
Measured from rising edge to 1™ rising 54.0000 510
Jitter, Absolute (long term) * ticab) edge after 0.1s at 2.5V, - ps
C. = 15pF, trgr = 27MHz 27.0000 1660
11.2912 680
7.3738 I 560
1.8434 710
B 24.0033 600
32.0000 2190
11.2896 | 230
7.3728 Lo210 -
tease e |
: g Measured on the rising edges at 2.5V; | 24.0000 310 ‘
Jitter, Period tiap) C. = 15pF, frer = 27ME!z g 57 0000 T 80 - ps
11.2912 240
7.3738 270
1.8434 70
| 24.0033 60
Clock Stabilization Time * tste Output active from power-up 770 . ps
Rise Time * t Vo = 0.5V to 4.5V; C_ = 15pF : 3.5 foons
Fall Time * 4 Vo= 0.5V to 4.5V; C, = 15pF 1 18 L ons
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Table 13: AC Timing Specifications, continued

Unless otherwise stated, Vpp = 5.0V = 10%, no load on any autput, and ambient temperature range Tx = 0°C to 70°C. Parameters denoted with an asterisk ( * ) represent nominal characterization
data and are not currently production tested to any specific limits. MIN and MAX characterization data are + 3o from typical.

PARAMETER SYMBOL E CONDITIONS/DESCRIPTION ci;ﬁg;‘ MIN. ]§ TYP. ? MAX. { UNITS |
H 1 !
Clock Output (UCLK)
R o o o T 320000 | 44 | a8 |
| 6.4196 48 | 52
{ 12.8302 48 52 ‘
; 6.5067 48 %2 ;;
; Duty Cycle * From rising edge to rising edge at 2.5V i 12;‘3%:)303 :2 \ - :i ‘ % ’
‘ 130000 | 48 52
1 245454 | 45 o
: 3 27.0000 | 44 48
§ 8.1818 48 52
| - o : | 32,0000 470
g‘ 6.4196 | 470
| 128392 | s10
| ; 6.5067 620
! Measured from rising edge to 1* rising 13.0133 | 620 }
Jitter, Absolute (long term) * ticaby ' edge after O.1s at 2.5V; ps
Cu = 15pF, frer = 27MHz | 6.5000 850
| © 13.0000 550
; | 245454 550 .
27.0000 | 1940 o *]
i 8.1818 L 610 |
B i - - 32.0000 1810 T
; 6.4196 = 210 -
| 12.8392 400 - \
65067 220 ,~
[ i T -
Jiter, Period * W | Mossuedonthe g edgesat 28V | BAE L s
13.0000 a0 |
| 245454 50
27.0000 a0 |
8.1818 20
Clock Stabilization Time * tsrs Output active from power-up 600 H us
Rise Time * t Vo=05V104.5V;CL=15pF 3.6 | ns
~ Fall Time * t Vo = 0.5V to 4.5V; C, = 15pF 2.0 ns
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Table 14: Serial Interface Timing Specifications

Unless otherwise stated, Vop = 5.0V x 10%, no load on any output, and ambient temperature range Ta = 0°C to 70°C. Parameters denoted with an asterisk ( * ) represent nominai characterization
data and are not productian tested t0 any specific imits. MIN and MAX characterization data are + 3g from typical

July 1998

Figure 8: Bus Timing Data

SCL

SDA

ADDRESSOR |

DATA CAN :

STANDARD MODE
PARAMETER SYMBOL CONDITIONS/DESCRIPTION ( UNITS |
MIN. | MAX |
Clock frequency fsor scL 0 | 100 kHz
Bus free time between STOP and START tour - - 47 us
Set up time, START (repeated) ~>tsu:STA o - — 47 ;zs
Hold time, START o trasTA - - 4.0 s
~ Set up time, data input twpar | SDA 250 ns
" Hold time, data input taosr | SDA o 0 s
" Output et vl rom ok | By o s v 5w
Rise time, data and clock | tn SDA, SCL o B 1000 ns
Fall time, data and clock te SbA,scL ) 300 ns
High time, clock t scL ) 40 us
Low time, clock tio | SCL - 4.7 ;xs
Set up time, STOP tousro 40 s

START | DATA VALID CHANGE I sTop
Figure 9: Data Transfer Sequence
1. —»] bl t,
. !
1LO
SCL tsuSTA N *
LSTA &—_ ’(su sT0
J taoar - o o
sa ]9’ | \
'N R\ 1) ] tour
1M LY 3
SDA 0. 0.6 0.0
OUT &5
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7.0 Package Information
Table 15: 16-pin SOIC (0.150") Package Dimensions
DIMENSIONS
INCHES MILLIMETERS
MIN. MAX. MIN. MAX.
A 0.061 0.068 1.55 1.73
Al 0.004 | 0.0098 | 0.102 0.249
A2 | 0.055 0.061 1.40 1.55
B 0.013 0.019 0.33 0.49
C 0.0075 | 0.0098 | 0.181 0.249
D 0.386 0.393 9.80 9.98
E 0.150 0.157 3.81 3.99
e 0.050 BSC 1.27 BSC
H 0.230 0.244 5.84 6.20
h 0.010 0.016 0.25 0.41
L 0.018 0.035 0.41 0.89
o 0° 8° 0° 8°

16

BASE PLANE

1

SEATING PLANE

H
. 3
ALL RADIE:
0.005" TO 0.01
» » C
A, |A
) lLL 3 ¥
— Ta t

]

Table 16: 16-pin SOIC (0.150") Package Characteristics

PARAMETER SYMBOL CONDITIONS/DESCRIPTION TYP. UNITS
Thermal impedance, Junction to Free-Air G Air flow =0 my/s 108 °C/w
Corner lead 4.0
Lead Inductance, Self [ e - nH
Center lead 3.0
Lead Inductance, Mutual L2 ! Any lead t9 any adjacent lead 0.4 QH
Lead Capacitance, Bulk Cu _ Any lead to Vss J 0.5 pF

1363001
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8.0 Ordering Information
DEVICE OPERATING SHIPPING
ORDERING CODE | \yppr | FONT PACKAGE TYPE TEMPERATURE RANGE CONFIGURATION
. 16-pin (0.150") SOIC . . A
11212-002 FS6012 -02 (Small Outline Package) 0°C to 70°C {Commercial) Tubes

Purchase of I°C components of Amencan Microsystems, Inc., or one of its sublicensed Associated Compa-
nies conveys a license under thps I’C Patent Rights to use these components in an 1°C system, provided
i that the system conforms to the | ’C Standard Specification as defined by Philips.

Copyright © 1998 American Microsystems, inc.

Devices sold by AMI are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale
only. AMI makes no warranty, express, statutory implied or by description, regarding the information set forth herein or
regarding the freedom of the described devices from patent infringement. AMI makes no warranty of merchantability or
fitness for any purposes. AMI reserves the right to discontinue production and change specifications and prices at any
time and without notice. AMI's products are intended for use in commercial applications. Applications requiring ex-
tended temperature range, unusual environmental requirements, or high reliability applications, such as military, medi-
cal lite-support or life-sustaining equipment, are specifically not recommended without additional processing by AMI for
such applications.

American Microsystems, inc., 2300 Buckskin Rd., Pocatello, 1D 83201, (208) 233-4690, FAX (208) 234-6796,
WWW Address: hitp:/www.amis.com E-mail: tgp@amis.com

16
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9.0 Demonstration Board Schematic

A simple demonstration board and DOS-based software is available from American Microsystems that illustrates the
capabilities of the FS6012-02. The board schematic is shown below. Components listed with an asterisk {*) are not
required in an actual application, and are used here to preserve signal integrity with the cabling associated with the
board. A cabled interface between a computer parallel port (DB25 connector) and the board (J1) is provided.

Contact your local sales representative or the company directly for more information.

‘I;— R1” 100 sv
scr [ —AAA, *
2 Re2* 100 _L o5
3 R3* 100 R? 10,
ADDR |Of =
4 R4* 100
PSEL1 O °
5 C2—-I— C4-L
PSELO 2.2uFI 0,1,,;:‘_'[‘
(v 1o = =
sCL cLk27 [}
v o SDA ACLK =
GND O ADDR voD [ e 47
GND ucLk [P crr7
FS6012 . =
APt XIN POLK [} o ALK
XOuT GND [J- ! i 2
10 = UCLK
XTUNE PSELC [}—¢ VYV V‘E
9] voo PSEL1 [ NAN 0 rou
0.0pF T 22uF P2 =
1 oo
- - JP1
0 o

17
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9.1

9.2

.

9.3

9.4
1.

Contents
Demonstration board
Interface cable (DB25 to 6-pin connector)
Data sheet
Demonstration software, including:

~ INSTALL.BAT 0.73kB

- FS6012.BAT 0.24kB

- FS6012T.BAS 12.96kB
Requirements

PC running MS-DOS or MS Windows 3.1x, with
accessible parallet (LPT1) port

MS-QBasic v. 1.1 or later (or equivalent software)
13.9kB available free space on drive C:

Board Setup and Software Installa-
tion Instructions

At the appropriate disk drive prompt (A:\) type Install
to automatically copy demo files to the C: drive.
NOTE: This demo software requires Microsoft QBa-
sic or equivalent to run. Make sure the directory
containing gbasic.exe is in the DOS path statement,
or move the demo files to a directory containing Ba-
sic.

Connect a +5 Volt power supply to the board: RED =
+5V, BLACK = ground.

Remove all software keys from the computer parallel
port.

Connect the supplied interface cable to the paraliel
port (DB25 connector) and to the demo board (8-pin
connector). Make sure the cable is facing away from
the board — pin 1 is the red wire.

Connect the clock outputs to the target application
board with a twisted-pair cable.

Demo Program

Type FS6012 at the C:\FS6012 prompt to run the
Qbasic-based demo program.

July 1998
2. The following heading banner should appear:

Figure 10: Banner

IS R A S EEEREE RS SR RS LR EEEEEEREEEEEEEEEEI IS LTI I
* *
* FS6012 Utility Program *
* *
* PRESS ANY KEY TO CONTINUE..... *
* *
* *

A SR E NS SEEEEEEEEEREREEEEREEEEESEREEEREEEEEEE NIRRT

3. After pressing any key, a menu should appear con-
taining a list of the program hot keys, a message that
the computer parallel (LPT1) port was found, and the
address at which the port was found.

Figure 11: Menu

LA R A S S R AR E R SRS SR EE SR

* FS6012 Utility *
* *
* (R)ead *
* (Wyrite *
* (V)CXO coarse set *
* (A)CLK set *
* (U)CLK set *
* {P)CLK set *
* (E)nable VCXO *
* (S)et PSEL strap *
* addrse(L) strap set *
* e(X)it *
**x*x POWER IS ON  ***x#*x

Refer to Table 17 for a description of each hot key.

4. To change the frequency of the desired clock, press
the appropriate hot key. The keys are not case sensi-
tive. Refer to Table 3 for ACLK frequencies, Table 4
for UCLK frequencies, Table 6 for PCLK frequencies.
Refer to Table 7 for the VCXO coarse tune bits.

5. Data is sent to the device in a two-byte sequence,
referred to as address 0 and address 1. The address
0 byte contains bits 0 to 7 (see Table 2) and the ad-
dress 1 byte contains bits 8-15. During a read/write
operation, data is displayed in the following format:

READ of address {0 or 1} is {data in decimal (data in
hex) }

Writing {data in decimal (data in hex}} to address {0
or 1}

18
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Table 17: Hot Key Description

COMMAND | KEY | BITS | ADDRESS | RANGE DESCRIPTION
0-7 0 Manual Read with
Read R -
8-15 1 selectable address
0-7 0 Manual Write with
. All 15 |selectable address
Write w . bits  |and user-defined
8-15 1
data
- 0000- |Cycles through ACLK
ACLK A 0-3 0 1111 |frequencies (Table 3)
R 0000- |Cycles through UCLK
UCLK v 47 0 1111 |frequencies (Table 4)
. : Cycles through PCLK
PCLK P | 810 1 000-111 frequencies (Table 6)
VCXO v 11114 1 0000- |Digitat coarse tune of
Course Set 1111 |the VCXO
Enables fine tune of
JOXO e | 15 1 0-1  {the VCXO via the
XTUNE pin
Cycles through PCLK
Set PSEL s ) 3 00-11 |fréquencies via
Strap PSELQ and PSEL1
pins (Table 5)
Address L 3 N g1 (Alters ADDR bitin
Select Strap the I°C address
. Exits the demo
Exit X - - - program

6. Observe the response to the hot key selection. Re-
peated pressing of the same key will scrolf through
the entire range of settings for the selected com-
mand, returning to the initial setting.

7. The Read and Write commands permit the user to
read data from a desired register or to manually over-
write data into a desired register.

8. Pressing a hot key strobes a 15-bit message to the
demo board via the interface cable. An example of
the response to the key selection is shown below:

Reading. ..

READ of address 0 is 22(0x16)
Read DONE. ..
Writing 17(0x11) to address O

Write DONE...

1SC8001 "

9. The Set PSEL Strap and ADDRsel Strap Set com-
mands drive pins 3, 4 and 5 (ADDR, PSELOQ, and
PSEL1) directly. No read/write activity will be ob-
served on the screen.

10. The FS6012 uses I°C-bus communication. The in-
terface cable must be correctly attached to the demo
board prior 1o performing any functions or an error
message will be displayed.

Figure 12: Error Messages

IS E SRR RS AL SR SRR SRS SRS SRR EEREE SRR NS R EEE RS
*

* WARNING !!

*x

- I2C BYTE SEND ACK failed 1!!!

L S . T

* (press any key to continue)
*

LSS SR AR AR SRR EEE R EEERESEEEEEE R EEESESEREEEREEEEER T

During a Write procedure (from the computer to the de-
vice), an Acknowledge bit should be returned by the de-
vice. The above error occurs if the computer fails to re-
ceive an Acknowledge from the device.

LA EE S R SRR SR EEE A EES RS R EREREESEERESERERERESERSESESSES

¥ g
* WARNING !! - I2C CONTROL ACK failed 't *
* *
* {press any key to continue) *

The state of the 1°C-bus is checked by the software dur-
ing a Sequential Register Read to the device. The above
message is displayed if the ?C-bus has a one-conflict
when the Acknowledge was supposed to occur.

AR R E R A S EREEEESEEEER SRR EEEEEREREREEEEEEEESESEE]

WARNING !! - I2C write of 1 failed 1!!!

* Ok k%

(press any key tc continue)

*
*
k3
¥*
* *
*

A KAAAATHAAT A A AT A A A A A A AT AR A TRk F ok ®dF &k kxokho

The state of the I°C-bus is checked by the software dur-
ing the transfer of information to the device. The above
message is displayed if the I°C-bus has a data bit zero-
conflict when the bit was supposed to be a one.

72098
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AhkhhXrkxAxhkhhdhkhhkhddrhkihxkhdhhkdkhkhxdkhiikkddhkkxi

WARNING !! - I2C write of 0 failed !!t!

P

(press any key to continue)

*

*

*

* *
*

I E SRR SRS RS R EREEES RS SR RESEREERERSSERSEESEREESESSEE]
The state of the 12C-bus is checked by the software dur-
ing the transfer of information to the device. The above

message is displayed if the °C-bus has a data bit one-
contlict when the bit was supposed to be a zero.

ISR R EEEEER S R SRS R R R R RS SRR AR SEREREEREEESEERESERS]

WARNING !! - IZC Bus not in ACTIVE state !!

*
*
* {press any key to continue)

Fe
Ed
*
*
* k.
*

The state of the I°C-bus is checked by the software just
before a STOP command is given to the device. The
above message is displayed if the °C-bus has inadver-

tently become idle (before the STOP command is given)
when it is supposed to be active.

IEEER R REEEREEE S SR SRR EREEEEEREREEREREREELERESEESE’

WARNING !t - I2C Bus not in IDLE state !!

* % k%

(press any key to continue)

*
*
*
*
* *
*

hAdhhkrkhk kA khkhkhkxhkhkdhkRFAXXX AT AKX I A A db XA TRk bkkkrhtx

The state of the I?°C-bus is checked by the software just
after a STOP command is given to the device. The above
message is displayed if the °C-bus has not become idle
(after the STOP command is given).

I R EE A R R S SRS EE SRR RS ES R R SRS EEERSE NSNS

* WARNING !! - Hardware error detected t!

R R R R R R TR TR R EE R RS SRR R R R R Rk

This error occurs if I°C communication cannot be estab-
lished with the device.

*

Table 18: Cable Interface

Color Ji DB25 Signal
Red 1 2 SCL
White 2 16 SDA
Green 3 8 ADDR
Blue 4 5 PSEL1
Brown 5 4 PSELO
Black 6 25 GND

1563001
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Figure 13: Board Silkscreen

FSB801 DEMO BOARD
SILKSCREEN TOP

Figure 14: Board Traces - Component Side

Left Right

Right Left

FSE01 DEMO BOARD
SOLDER SDE
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