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CIRRUS LOGIC® CS2500

Fractional-N Clock Synthesizer and Multiplier

Features * I12C/SPI control port

« Clock frequency synthesizer incorporating delta-sigma | * Configurable auxiliary clock/status output
fractional-N analog PLL .

— Generates low-jitter 6-75 MHz clock (CLK_OUT) from

8-75 MHz timing reference (REF_CLK_IN)
* Pin-to-pin, regist , and trol tible with
» Fractional clock multiplier and jitter reduction using hybrid nggo%lr;nr:%ssgggéap and confrol compatible i

analog/digital PLL

— Generates low-jitter 6-75 MHz clock (CLK_OUT), * Single-supply operation at 1.8 V or 3.3 V
synchronized to a 150 Hz-30 MHz low-quality or

Minimal board space required
— No external analog loop-filter components

intermittent frequency reference (CLK_IN) Applications
* Flexible timing reference source » Automotive audio systems
— External clock or external crystal .

Digital audio systems

* High resolution PLL ratio (1 PPM) * Network and USB audio interfaces

* 18 psruis period jitter + loT sensor and transducer systems

Glitchless clock output generated from intermittent input | . Eqpedded systems
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General Description

The CS2500 is a system-clocking device incorporating a programmable phase-locked loop (PLL). The hybrid analog/
digital PLL architecture comprises a delta-sigma fractional-N analog PLL and a digital frequency-locked loop (FLL). The
CS2500 enables frequency synthesis and clock generation from a stable timing reference clock. The device can generate
low-jitter clocks from a noisy clock reference at frequencies as low as 150 Hz. The CS2500 can be configured using a
control interface supporting I2C and SPI modes of operation.

The CS2500 can be powered from a single 1.8 V or 3.3 V supply. The device combines high performance with low power
consumption.

The CS2500 is available in commercial-grade 10-pin TSSOP package for operation from —40°C to +85°C. The device is
also available in the AEC-Q100-qualified grade-2 package for operation from —40°C to +105°C. See Section 12 for
ordering information.
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1 Pin Assignments and Descriptions

1 Pin Assignments and Descriptions

These sections show pin assignments and describe pin functions.

1.1 TSSOP Pin Assignments (Top View, Through Package)

VDD 1 10 12C_SDA/SPI_SDI
GND 2 9 12C_SCL/SPI_SCK
CLK_OuT 3 8 I2C_ADDR/SP|_CS
AUX_OUT 4 7 XTAL_INREF_CLK_IN
CLK_IN 5 6 XTAL_OUT

Figure 1-1. TSSOP 10-Pin Diagram (Top View, Through-Package)
Note the CS2500 is pin-to-pin compatible with CS2000 and CS2200.

1.2 Pin Descriptions

Table 1-1. Pin Descriptions

Pin # Power

Pin Name Supply 110 Description
VDD 1 — —  Power Supply. 3.3 V/1.8 V supply for the digital and analog blocks.
GND 2 — —  Ground.
CLK_OUT 3 VDD (0] Clock Output. PLL clock output.
AUX_OUT 4 VDD (0] Auxiliary Output. Configurable clock output or status output.
CLK_IN 5 VDD | Clock Input. Frequency reference input for the digital FLL.
XTAL_OUT 6 VDD (0] Crystal Connection. Output for an external crystal.
XTAL_IN/REF_CLK_IN 7 VDD | Crystal Connection. Input for an external crystal.
Reference Clock. External low-jitter timing reference clock input.
12C_ADDR/SPI_CS 8 VDD | I12C Control-Port Address. Chip address input for the 12C interface.
SPI Control-Port Chip Select. Active-low chip select input for the SPI interface.
12C_SCL/SPI_SCK 9 VDD | 12C Control-Port Clock. Clock input for the I2C interface.
SPI Control-Port Clock. Clock input for the SPI interface.
12C_SDA/SPI_SDI 10 VDD I/O  12C Control-Port Data. Data input/output for the 12C interface.

SPI Control-Port Serial Data In. SPI data input.

1.3 Electrostatic Discharge (ESD) Protection Circuitry

ESD-sensitive device. The CS2500 is manufactured on a CMOS process. Therefore, it is generically
& susceptible to damage from excessive static voltages. Proper ESD precautions must be taken while
& .
A handling and storing this device. This device is qualified to current JEDEC ESD standards.

DS1343F2 4
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2 Typical Connections

2 Typical Connections

3.3/18V
O power supply

-L 1 uF i 0.1 uF
2 I I
2 kQ 2 kQé L .
(Note 1) )
VDD
System * »| 12C_SCL/SPI_SCK
Microcontroller [€ »112C_SDA/SPI_SDI
(Host) »| 12C_ADDR/SPI_CS
Note: ForI?C operation, I2C_ADDR is connected
to VDD or GND to select the target addresss. CS2500

Frequency Reference ———» CLK_IN
AUX_OUT —» Toother circuitry or microcontroller

CLK_OUT[—» Tocircuitry which requires a low-jitter clock

See Option »| XTAL_IN/REF_CLK_IN

1 or 2 below ¢ XTAL_OUT

GND
L

Reference clock connection options (clock source is detected automatically, based on connections shown)

(Option 1) Crystal oscillator (Option 2) External clock source

XTAL_IN/REF_CLK_IN
5 AL Low-jitter XTAL_IN/REF_CLK_IN

XTAL_OUT
R
CXTALI I CxraL

Refer to Section 5.1 to select

Note: Unselected signals as part of
components for CXTAL and RS' multifunction pins are shown in

timing
reference C. XTAL_OUT

S

Figure 2-1. Typical Connection Diagram

Note referenced in the typical connection diagram:

1. The pull-up resistors are required only for 12C operation. The diagram shows 2 kQ pull-up, but higher impedance
can be supported depending on clock speed and bus capacitance.

DS1343F2 5
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3 Characteristics and Specifications

3 Characteristics and Specifications

Table 3-1. Recommended Operating Conditions
Test Conditions (unless specified otherwise): Ground = GND = 0 V; voltages are with respect to ground.

Parameters Symbol Min Typ Max Units
DC power supply Nominal 3.3V VDD 3.1 3.3 3.5 \%
Nominal 1.8 V 1.71 1.8 1.89 \%
Supply ramp up/down tpwr_UD 0.01 — 10 ms
Ambient temperature Commercial Grade Ta -40 — 85 °C
AEC-Q100 Grade 2 -40 — 105 °C
Table 3-2. Absolute Maximum Ratings
Test Conditions (unless specified otherwise): Ground = GND = 0 V; voltages are with respect to ground.
Parameters Symbol Min Max Units
DC power supply VDD -0.3 4.32 Vv
External voltage applied to digital input/output VINDI -0.3 VDD + 0.3 \%
Input current lin — +10 mA
Ambient temperature Ta -55 125 °C
Storage temperature TstG -65 150 °C
Table 3-3. DC Electrical Characteristics
Test Conditions (unless specified otherwise): Tp = 25°C; timing reference = 12 MHz (external clock or crystal).
Parameters Symbol Min Typ Max Units
Power supply current—unloaded 1 lvbp — 4 — mA
Input leakage current (per pin) N — — 10 pA
Input capacitance (per pin) Ic — — 5 pF
High-level input voltage Vin 0.70 x VDD — — \%
Low-level input voltage VL — — 0.30 x VDD \%
High-level output voltage Vou 0.90 x VDD — — \%
Low-level output voltage VoL — — 0.10 x VDD \%
VDD power-on reset (POR) threshold VDD rising VpoRrR 1.40 — 1.59 \%
VDD falling 1.38 — 1.55 \Y
VDD power-on reset duration 2 tPor 100 — — ms

1.To calculate the additional current consumption due to loading (per output pin), multiply clock output frequency by load capacitance (C ) and power

supply voltage (VDD).

2.To trigger a power-on reset, VDD must be held below the reset threshold for longer than this duration. Note that VDD interruption shorter than this

duration may result in incorrect device behavior.

DS1343F2
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3 Characteristics and Specifications

Table 3-4. AC Electrical Characteristics
Test Conditions (unless specified otherwise): Tp = —40°C to 85°C (commercial grade); Ta = —40°C to 105°C (AEC-Q100 grade-2); Load capacitance
(CL) =15 pF.

Parameters Symbol Min Typ Max Units
Crystal frequency REF_CLK_IN_DIV =10 fxTAL 8 — 18.75 MHz
REF_CLK_IN_DIV = 01 16 — 37.50 MHz
REF_CLK_IN_DIV =00 32 — 50 MHz
Crystal interface VDD = 3.3V, XOSC_GEARn_3V3_DRV =0 — — 13 — mS
E@ngcggggctance VDD = 3.3V, XOSC_GEARn_3V3 DRV =1 — 26 — mS
A ) VDD = 1.8 V — 43 — ms
Reference clock input frequency REF_CLK_IN_DIV = 10| frer_cLk_IN 8 — 18.75 MHz
REF_CLK_IN_DIV =01 16 — 37.50 MHz
REF_CLK_IN_DIV =00 32 — 75 MHz
Reference clock input duty cycle DREF CLK_IN 45 — 55 %
Clock input frequency foLk N 150 — 30 x106 Hz
Clock input pulse width fCLK_IN < fSYSCLK /96 [1] PWCLK_IN 2 — — Ul 2
fCLK_IN > fsyscLk / 96 1 10 — — ns
Clock skipping timeout tcs 20 — — ms
Clock skipping input frequency feLk skip 150 — 80 x103 Hz
CLK_OUT frequency range feLk out 6 — 75 MHz
Clock output duty cycle measured at VDD / 2 tob 45 50 55 %
Clock output rise time 10% to 90% of VDD tor — 1.8 — ns
Clock output fall time 90% to 10% of VDD tor — 1.8 — ns
CLK_OUT period jitter 3.4 tr — 18 25 PSRMS
CLK_OUT baseband TIE jitter 3.5 — — 21 70 PSRMS
CLK_OUT wideband TIE jitter 3.6 — — 90 160 PSRMS
PLL lock time—Multiplier Mode 150 Hz < fo kN < 600 Hz tLe — 160 700 ui7
600 Hz < foLk N < 200 kHz — 100 200 ul7
fCLK_IN =200 kHz — 1 3 ms
PLL lock time—Synthesizer Mode fREF_cLK_IN = 810 75 MHz LR — 1 3 ms
CLK_OUT frequency resolution 3.8 high resolution — — 1 — ppm
high multiplication — 244 — ppm
Clock output frequency deviation CLK_IN stopped, holdover enabled — — — 0.1 %

1.The internal timing reference clock (SYSCLK) is derived from REF_CLK_IN (see Section 4.2).

2.Ul (unit interval) corresponds to tsyscLk or 1/ fsyscik-

3.REF_CLK_INis a 12 MHz timing reference clock, with phase noise 20 dB lower than the output clock noise. The clock output frequency (fcik_ourT) is
24.576 MHz.

4.Sample size is 10000.

5.Using 3rd order 100 Hz—40 kHz bandpass filter as defined in AES-12id-2020 Section 3.4.2.

6.Using 3rd order 100 Hz high pass filter as defined in AES-12id-2020 Section 3.4.1.

7.Ul (unit interval) corresponds to tcik_inor 1/ fcLk N,

8.The frequency accuracy of the PLL clock output is directly proportional to the accuracy of the clock input.
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3 Characteristics and Specifications

Table 3-5. Switching Specifications—I2C Control Port
Test conditions (unless specified otherwise): Ground = GND = 0 V; voltages are with respect to ground; input timings are measured at V) and V|4
thresholds, output timings are measured at Vo and Voy thresholds; Ta = 25°C.

Parameters 1.2 Symbol Min Max Units

SCL clock frequency fscL — 400 kHz
Clock low time tLow 1.3 — us
Clock high time tHIGH 0.6 — us
Start condition hold time (before first pulse clock) tHDsT 0.6 — us
Setup time for repeated start tsusT 0.6 — us
Rise time of SCL and SDA fscL = 100 kHz trc — 1000 ns
100 kHz < fgg < 400 kHz — 300 ns
Fall time SCL and SDA fscL < 100 kHz trc — 300 ns
100 kHz < fgc < 400 kHz — 300 ns
Setup time for stop condition tsusp 0.6 — us
SDA setup time to SCL rising tsub 100 — ns
SDA input hold time from SCL falling tHDDI 0 — ns
Bus free time between transmissions tBuF 1.3 — us
Start-up time from power-up/software reset to control port ready 3 tbPOR — 200 us

1.The 12C control port uses a 8-bit register address and 8-bit data words.
2.12C control-port timing.

VDD
topor

Repeated
Start Stop

AR

i

12C_SDA

i

12C_SCL

|

— —»

tro1 tsup tsust tre

fLow

3.Time from power-up measured from when VDD is within the recommended operating conditions (see Table 3-1).
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3 Characteristics and Specifications

Table 3-6. Switching Specifications—SPI Control Port

Test conditions (unless specified otherwise): Ground = GND = 0 V; voltages are with respect to ground; input timings are measured at V) and V|4
thresholds, output timings are measured at Vo and Voy thresholds; Ta = 25°C.

Parameters 1,2 Symbol Min Max Units
SCK clock frequency fscL — 6 MHz
SCK edge to CS falling 3 tsp| 500 — ns
cs high time between transmissions tcsH 1 — us
cs falling to SCK rising edge tcss 20 — ns
SCK pulse width low tscL 66 — ns
SCK pulse width high tscH 66 — ns
SDI to SCK rising setup time tpsu 40 — ns
SCK rising to SDI hold time 4 toH 15 — ns
Rise time of SCK and SDI 5 tr2 — 100 ns
Fall time of SCK and SDI 5 tro — 100 ns
Delay from supply voltage stable to control port ready 6 tDPOR — 200 us

1.The SPI control port uses a 7-bit register address and 8-bit data words.

2.SPI control-port timing.
VDD /
tDFOR

SPI_CS
tsCH tCSH
SPI_SCK SN
SPI_SDI
tDSU tDH
3.tsp is only needed before first falling edge of CS after power is applied; tgp; is O all other times.
4.Data must be held for sufficient time to bridge the transition time of SCK.
5.For fgck <1 MHz.
6.The supply voltage is considered stable when VDD is within the recommended operating conditions (see Table 3-1).
DS1343F2 9
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4 Functional Description

4 Functional Description

4.1 Device Architecture

The CS2500 is a highly versatile clock generator. It combines an analog PLL and digital FLL to provide high-resolution
clock multiplier and clock synthesizer capability. The delta-sigma architecture enables low-jitter clock generation across a
wide range of fractional operating ratios; it also supports fast transitions between different ratios and output frequencies.
Configurable bandwidth of the digital FLL enables optimized behavior under dynamic operating conditions.

The analog PLL generates the main clock output (CLK_OUT), using the timing reference as its input. The timing reference
is a stable low-jitter clock source, derived from the REF_CLK_IN input, or external crystal. The timing reference is used to
ensure the time and phase stability of the PLL output. The PLL frequency ratio determines the multiplier ratio between the
timing-reference input and the clock output.

The digital FLL provides input to the analog PLL to configure the frequency ratio. The digital FLL uses the frequency
reference (CLK_IN) as its input and generates the PLL frequency ratio as a control signal to the analog PLL. The capability
of the digital FLL is enhanced by its configurable bandwidth; a wide bandwidth is used to achieve lock in a short time, while
a narrow bandwidth is used to provide optimal jitter performance.

The CS2500 can be configured in Multiplier Mode or Synthesizer Mode.

* InMultiplier Mode, the user-selected ratio is an input to the digital FLL and defines the CLK_OUT:CLK_IN frequency
ratio. The FLL monitors the input and output clocks and controls the analog PLL frequency ratio to achieve the
required CLK_OUT frequency. The frequency ratio is dynamically controlled to maintain the required output ratio.

* In Synthesizer Mode, the user-selected ratio is an input to the analog PLL and defines the CLK_OUT:REF_CLK _
IN frequency ratio. The analog PLL frequency ratio is configured directly by the respective control fields. The output
clock is generated from the timing reference alone, with no other clock input required. Note that the digital FLL is
not used in Synthesizer Mode.

The hybrid analog/digital PLL is illustrated in Fig. 4-1. In Multiplier Mode, the user-defined ratio is defined by the M_Ratio
parameter. In Synthesizer Mode, the user-defined ratio is defined by the S_Ratio parameter.

Timing Reference

e e e — Analog PLL > CLK_OUT
PLL_Ratio
A
S R-atio I Static ratio Dynamic ratio
Frequency R(?;ff}r(er}?\le) — Digital FLL ~ |&—
A

Figure 4-1. Hybrid Analog/Digital PLL
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4.2 Timing Reference Configuration

4.2 Timing Reference Configuration

The low-jitter timing reference is provided by an external source (clock input or crystal). The reference source is selected
automatically depending on the external pin connections, as shown Section 2.

The frequency range for the external timing reference is described in Table 3-4. Note that the supported frequency range
differs depending on the applicable source.

The internal timing reference, SYSCLK, is derived from the selected timing source. A programmable divider is provided
for the external timing reference; the divider must be configured using REF_CLK _IN_DIV to bring the reference frequency
within the valid SYSCLK range of 8-18.75 MHz.

The timing reference configuration is shown in Fig. 4-2.

XTAL_IN (8-50 MHz)
REF_CLK_IN (8-75 MHz)

|  Divider [———® SYSCLK (8-18.75 MHz)

XTAL_IN/REF_CLK_IN

P XTAL REF_CLK_IN_DIV

-~ ..
XTAL_OUT Interface Divide by 1, 2, or 4

Figure 4-2. Timing Reference Configuration

Note that, in Synthesizer Mode, the PLL ratio defines the CLK_OUT:REF_CLK_IN frequency ratio. The timing-reference
divider has no effect on this, and does not need to be considered when calculating the desired frequency ratio.

421 Crystal Oscillator

The crystal oscillator uses an external crystal to generate the timing reference. Load capacitors are connected to the
crystal as shown in Fig. 4-3. A series resistor (Rg) may also be required to configure the drive level for the selected crystal.

Crystal oscillator interface

I XTAL_IN
| | CXTAL
[ x7aL
I I — XTAL_OUT
CxraL Rs

Figure 4-3. Crystal Oscillator Connection

Guidance on selecting a suitable crystal and associated components is provided in Section 5.1. The suitability of the
external crystal is calculated as a function of the operating voltage (VDD) and the transconductance of the crystal interface,
as defined in Table 3-4.

Under 3.3 V operating conditions, the transconductance is configurable using the register fields described below. This can
be used to optimize the crystal oscillator for the selected external crystal.

* IfREF_CLK_IN_DIV = 10 (Divide by 1), the transconductance is configured using XOSC_GEAR1_3V3_DRV

+ If REF_CLK_IN_DIV = 01 (Divide by 2), the transconductance is configured using XOSC_GEAR2_3V3_DRV

* IfREF_CLK_IN_DIV = 00 (Divide by 4), the transconductance is configured using XOSC_GEAR3_3V3_DRV
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4.3 Hybrid PLL Configuration

4.3 Hybrid PLL Configuration

The PLL is enabled and configured as described in the following sections.

4.3.1 Enable and Lock Status

The PLL is enabled by setting PLL_EN1 and PLL_EN2 (both bits must be set in order to enable the PLL). Note there are
no sequencing requirements—the bits may be set or cleared in any order.

Note: The device should be fully configured by writing to the applicable control registers before enabling the PLL. When
changing the configuration, it is recommended to disable the PLL before updating the register fields; this ensures
there is no unexpected transient behavior. See Section 4.7.3 for further details of configuration restrictions.

The PLL lock status is dependent on the clock inputs and the device configuration. Changes in the clock inputs or to the
configuration registers can cause the PLL to lose lock. If the PLL loses lock, the quality of the clock output cannot be
assured.

The PLL lock status is indicated using UNLOCK. This bit reads 1 if the PLL has unlocked since the last read of the field.
This is a read-only bit and is automatically cleared after it has been read.
* If UNLOCK =0, the PLL is locked and has remained locked since the last read.

» IfUNLOCK =1, one of two possible conditions applies—either (1) the PLL is unlocked, or (2) the PLL is locked, but
had previously unlocked since the last read. In this case, a second read of the UNLOCK bit is required in order to
confirm the current lock status—if the second read indicates 0, the PLL is locked; if the second read indicates 1, the
PLL is unlocked.

The lock status can be indicated on the auxiliary output pin as described in Section 4.6. The lock status can be used to
automatically disable the clock outputs—see Section 4.5 for further details.

4.3.2 Ratio Configuration

The PLL is configured using a ratio that determines the output frequency as a function of either the timing reference, REF _
CLK_IN, (in Synthesizer Mode) or the frequency reference, CLK_IN, (in Multiplier Mode).
* In Synthesizer Mode, the output frequency is defined by the following equation:
fok out = frer_cik_n x PLL Ratio
For example, to generate a 24.576 MHz output from a 12 MHz timing reference, a ratio of 2.048 is required.
* In Multiplier Mode, the output frequency is defined by the following equation:
ferk out = ok v x PLL Ratio

For example, to generate a 24.576 MHz output from a 48 kHz frequency reference, a ratio of 512 is required.

The PLL ratio is a 32-bit value, configured using the RATIONn fields. A maximum of four different ratios can be configured,
allowing the device to switch easily between different use cases. The applicable ratio is selected using S_RATIO_SEL (in
Synthesizer Mode) or M_RATIO_SEL (in Multiplier Mode).

In Multiplier Mode, the PLL ratio can be defined in high-resolution (12.20) or high-multiplication (20.12) format; the format
is selected using RATIO_CFG. In Synthesizer Mode, the high-resolution (12.20) format is used.

* In high-resolution (12.20) format, the 12 MSBs represent the integer portion of the ratio, and the remaining 20 bits
represent the fractional portion. This format supports a maximum multiplication factor of ~4096, with a resolution of
0.954 ppm.

* In high-multiplication (20.12) format, the 20 MSBs represent the integer portion of the ratio, and the remaining 12
bits represent the fractional portion. This format supports a maximum multiplication factor of ~1,048,576, with a
resolution of 244 ppm.

Note: If the desired ratio is less than 4096, the 12.20 format is recommended, to ensure the accuracy of the PLL output.

The PLL ratio is also configured using RATIO_MOD, allowing additional multiplication/division factors to be applied to the
RATION selection.
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4.3 Hybrid PLL Configuration

The ratio modifier can be used to simplify the selection of related frequency ratios, while using the same RATIOn value. It
can also be used to support high multiplication ratios in 12.20 format (multiplying by 2, 4, or 8) or to enable greater
precision in 20.12 format (dividing by 2, 4, 8, or 16).

Note that, regardless of the ratio format and the ratio modifier, the PLL ratio cannot exceed a multiplication factor of 1,048,
576 or aresolution of 0.954 PPM. If the configured parameters exceed these limits, the effective multiplication or resolution
is truncated.

If the selected PLL ratio is invalid, the output clocks are disabled. Normal operation resumes when a valid ratio is detected

(either due to register configuration or a change in CLK_IN frequency).

The ratio configuration is illustrated in Fig. 4-4.

Timing Reference
— CLK_OUT

(REF_CLK_IN)
PLL_Ratio
Ratio 1 >
i > 'Y
Ratio 2 N Ratio S_Ratio (Synthesizer Mode) T
> Modifier
Ratio 4 >
RATIO_MOD
Divide by 2, 4, 8, 16
RATION S_RATIO_SEL Multiply by 1,2, 4, 8 Frequency Reference Diaital FLL
(CLK_IN) igital <
—>
> Format Ratio M_Ratio (Multiplier Mode)
L 5
» Selection Modifier
/|/ RATIO_CFG RATIO_MOD

12.20 or 20.12 format Divide by 2, 4, 8, 16
M_RATIO_SEL Multiply by 1, 2,4, 8

Figure 4-4. PLL Ratio Configuration

Note: In Synthesizer Mode, the selected S_Ratio defines the CLK_OUT:REF_CLK _IN frequency ratio. The
timing-reference divider (see Section 4.2) has no effect on this, and does not need to be considered when
calculating the desired frequency ratio.

4.3.3 Mode Selection

The hybrid PLL architecture supports Multiplier Mode and Synthesizer Mode functions. The CS2500 can also be
configured in Smart Multiplier Mode, with the ability to switch automatically between modes.

* In Multiplier Mode, the CLK_IN signal provides the frequency reference. The user-selected ratio defines the CLK _
OUT:CLK_IN frequency ratio. The PLL is dynamically controlled to maintain the required output ratio.

* In Synthesizer Mode, the REF_CLK_IN signal provides the input reference. The user-selected ratio defines the
CLK_OUT:REF_CLK_IN frequency ratio. The PLL is controlled using a static ratio derived from the respective
control fields.

* In Smart Multiplier Mode, the CS2500 selects Multiplier Mode or Synthesizer Mode depending on the status of the
CLK_IN frequency reference. The adaptive behavior can be used to accommodate periods where the frequency
reference is unstable or not present.
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4.4 Frequency Reference Configuration

The hybrid-PLL operating modes are illustrated in Fig. 4-5 and Fig. 4-6.

Timing Reference R Timing Reference
(REF_CLK_IN) — | Analog PLL » CLK_OUT (REF_CLK_IN) — | Analog PLL —» CLK_OUT
PLL_Ratio PLL_Ratio
Mode selection Mode selection
4
Dynamic ratio _
Frequency Reference __ | -
(CLK_IN) Digital FLL ~ |¢—
—
Figure 4-5. Multiplier Mode Figure 4-6. Synthesizer Mode

To select Synthesizer Mode or Multiplier Mode, the S_RATIO_SEL and M_RATIO_SEL fields must both be set to the
same value. Under this condition, the operating mode is selected using PLL_ MODE_SEL.

Smart Multiplier Mode is selected if S RATIO_SEL and M_RATIO_SEL are set to different values. Two variants of this
mode are selectable using SMART_MULTIPLIER_MODE.

* In Smart Multiplier (Automatic) Mode, the device operates in Multiplier Mode if CLK_IN is present, and switches to
Synthesizer Mode if CLK_IN is not present.

The mode selection switches to Synthesizer Mode after CLK_IN has been missing for more than 223 SYSCLK
cycles; the mode selection switches to Multiplier Mode when a valid CLK_IN signal is detected. See Section 4.2 for
details of SYSCLK.

Note that the mode transition is not glitchless; transient artifacts are present on the output during each transition.
This mode is supported for software compatibility with earlier devices; for new designs, it is recommended to
configure the CS2500 in Holdover Mode as described below.

* In Smart Multiplier (Holdover) Mode, the device normally operates in Multiplier Mode. Synthesizer Mode may be
used during PLL start-up, if CLK_IN is not present; the behavior is selectable using the ratio configuration fields.

— Iftheratio selected by S_RATIO_SEL is zero, Synthesizer Mode is not valid. In this case, the clock output starts
when a valid reference is present at CLK_IN; there is no clock output until CLK_IN is present. When CLK_IN is
present, Multiplier Mode is enabled and is used thereafter, including if CLK_IN is subsequently interrupted.

— If the ratio selected by S_RATIO_SEL is nonzero, Synthesizer Mode is selected during PLL start-up, if CLK_IN
is not present. When CLK_IN is present, the CS2500 makes a glitchless transition to Multiplier Mode and
remains in this mode thereafter, including if CLK_IN is subsequently interrupted.

See Section 4.4 for further details of the CS2500 behavior when the CLK_IN input is missing or unstable.

4.4 Frequency Reference Configuration

The frequency reference (CLK_IN) is an input to the digital FLL, which is used to generate the dynamic ratio for the analog
PLL. The digital FLL monitors the input and output clocks and controls the analog PLL frequency ratio to achieve the
required CLK_OUT frequency. The hybrid PLL/FLL architecture allows the low-jitter timing reference to be used to
generate the clock output, while using a separate clock (CLK_IN) as a frequency reference. The frequency range for CLK _
IN is defined in Table 3-4.

The CS2500 is tolerant of intermittent or unstable characteristics on the CLK_IN frequency reference. The behavior of the
device is configurable as described in the following sections.
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4.4 Frequency Reference Configuration

441 Clock Skipping and Intermittent CLK_IN

The CLK_IN signal is monitored to confirm the frequency reference is present. If the CLK_IN signal is not present, the
CS2500 responds in a number of ways, depending on the duration of the interruption and on other configurable options.
The clock-skipping option allows short interruptions to CLK_IN to be permitted without affecting the CLK_OUT signal.

Note: Clock skipping is supported for software compatibility with earlier devices; for new designs, it is recommended to
configure the CS2500 in Holdover Mode as described in Section 4.4.2.

If CLK_IN is interrupted for longer than 223 SYSCLK cycles (447—1048 ms), the PLL unlocks and the PLL output is no
longer valid. The subsequent behavior then depends on the operating mode as follows:

* In Smart Multiplier (Automatic) Mode, Synthesizer Mode is selected and the PLL locks to REF_CLK_IN. When
CLK_IN resumes, the PLL unlocks once again, switches to Multiplier Mode, and relocks to CLK_IN. Note the PLL
output is not valid while the PLL is unlocked during the mode transition.

* In Multiplier Mode, the PLL remains unlocked indefinitely while CLK_IN is interrupted. When CLK_IN resumes, the
PLL locks to CLK_IN and the valid CLK_OUT signal is restored.

If the PLL is not locked, the PLL output is invalid. To avoid spurious clock generation, the OUT_GATE bit can be used to
disable the clock output whenever the PLL is not locked. If OUT_GATE = 0, the clock output is disabled whenever the PLL
is not locked. See Section 4.5 for other options supported when the PLL is unlocked.

Note: If the clock output is disabled as a result of the PLL lock status, the CS2500 controls the CLK_OUT signal to
ensure there is no partial clock period—the output is disabled at the end of a complete clock period.

The CLK_IN interruption longer than 223 SYSCLK cycles is illustrated in Fig. 4-7.

2% SYSCLK cycles Lock time 2% SYSCLK cycles Lock time
- » - - - » - -—
CLK_IN B I I CLK_IN B | |
owour LI 11, /I axorr [ [T [ TEHEIT
/ OUT_GATE =0 OUT_GATE =1
UNLOCK l—/ Clock output disabled UNLOCK Idle orinvalid clock output

Figure 4-7. CLK_IN Interruption > 223 SYSCLK Cycles

If CLK_IN is interrupted for a period shorter than 223 SYSCLK cycles, the PLL remains locked for the duration of the
interruption. When CLK_IN resumes, the PLL unlocks temporarily and relocks to CLK_IN. Note the PLL output is not valid
for the period while the PLL is unlocked; the clock output while the PLL is unlocked depends on OUT_GATE.

The CLK_IN interruption shorter than 223 SYSCLK cycles is illustrated in Fig. 4-8.

B 2% SYSCLK cycles N P 2% SYSCLK cycles N
Lock time —» |« Lock time —» |-
CLK_IN T | I I CLK_N B I I I I I
CLK_OUT | | | | | CLK_ouT | | | | — | | | |
O G = =
UNLOCK . CIL;Ik_ o uﬁﬂtzdisgbmd UNLOCK 1 e grLiJrI/EﬁdA;TzaEck o1u tout

Figure 4-8. CLK_IN Interruption < 223 SYSCLK Cycles

The clock-skipping feature allows the CS2500 to tolerate short interruptions to CLK_IN without causing the PLL to unlock.
By maintaining the PLL lock, a valid CLK_OUT signal can be generated without any glitch or interruption.
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4.4 Frequency Reference Configuration

Clock skipping is enabled by setting CLK_IN_SKIP_EN. If clock skipping is enabled and CLK_IN is interrupted for a period
shorter than the timeout period (typically ~20 ms), the PLL remains locked and resynchronizes to CLK_IN.

Note that clock skipping is only supported for CLK_IN frequencies < 80 kHz. The clock-skipping timeout period (i.e., the
maximum permitted CLK_IN interruption) varies depending on the reference frequency and PLL ratio configuration.

Note: Clock skipping is supported in Multiplier and Smart Multiplier (Automatic) modes. Clock skipping is automatically
disabled in Smart Multiplier (Holdover) Mode.

The clock-skipping behavior is illustrated in Fig. 4-9.

Clock-skipping timeout, tcs

- -

cucn [] TTT11

UNLOCK

Figure 4-9. Clock Skipping for CLK_IN Interruption

44.2 Holdover Mode

The CLK_IN signal is monitored to confirm the frequency reference is present and stable. The holdover function enables
a valid clock output to be maintained under conditions where the reference is missing or unstable. The holdover function
is enabled in Smart Multiplier Mode if SMART_MULTIPLIER_MODE = 1. See Section 4.3.3 to select Smart Multiplier
Mode.

Note: If Smart Multiplier (Holdover) Mode is selected, Synthesizer Mode may be used during PLL start-up, if CLK_IN is
not present. The holdover function is not supported until a valid CLK_IN has been detected and the CS2500
automatically transitions to Multiplier Mode.

If CLK_IN is missing or unstable, the CS2500 freezes the dynamic PLL ratio at its current setting. The PLL remains locked
and the CLK_OUT signal continues without any glitch or interruption.

When a valid CLK_IN is detected, the PLL resynchronizes to the frequency reference. If the frequency reference aligns
with the previous CLK_IN frequency, the PLL remains locked and maintains a glitchless output.

443 Digital FLL Bandwidth

The bandwidth of the digital FLL can be configured to suit different operating conditions. The FLL bandwidth determines
the extent to which any jitter on the CLK_IN signal is attenuated or is passed through to the output clocks. In some
applications, it is desirable to reject all jitter as far as possible; in other applications, it may be preferable to preserve the
low-frequency variations in the reference clock while attenuating jitter at higher frequencies.

The FLL bandwidth is configured using FLL_BW and FLL_BW_MOD. The FLL_BW field selects a value 1-128 Hz; the
FLL_BW_MOD selects multiplication factor of x1 or x16. The combination of two fields allows bandwidth selections in the
range 1-2048 Hz.

Notes: If Smart Multiplier Mode is selected (see Section 4.3.3), the FLL bandwidth selection must be 16 Hz or greater.

The CS2500 automatically limits the FLL bandwidth to ensure optimal performance; the bandwidth is limited to a
maximum of fc_k N/ 23.4 (rounded down to the nearest valid bandwidth selection).

The FLL bandwidth scales with the SYSCLK frequency; the nominal values selected using FLL_BW and FLL_
BW_MOD are valid for 12 MHz SYSCLK.
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4.5 Output Configuration

A narrow bandwidth is typically recommended in applications where the CLK_OUT signal provides a new clock domain
from which all other system clocks are derived. In these circumstances, the system benefits from maximum jitter rejection,
as illustrated in Fig. 4-10.

CLK_IN PLL_OUT Wander & Jitter > 1 Hz rejected
PLL Bandwidth = 1 Hz J\ e
Jitr CLK_OUT M\_/T/‘\_/ﬁ
e A

Wander > 1 Hz
|- —
veck LTI T = S 4 e s
Fsyne ) / Q FSYNC [
BCLK / BCLK |
DATA [ DO ) VDX DATA DO D1

Figure 4-10. Narrow Bandwidth Application

A wide bandwidth is typically recommended in applications where some of the system clocks are referenced to CLK_OUT,
while others are derived from CLK_IN. In these circumstances, it may be necessary to preserve some of the input
reference variation in the clock output, in order to maintain phase alignment.

The FLL bandwidth should be set to the lowest setting that does not cause system-timing errors between the CLK_IN and
CLK_OUT domains. The wide bandwidth use case is illustrated in Fig. 4-11.

Jitter > 2048 Hz rejected

CLK_IN PLL_OUT Jitter < 2048 Hz passed to output
PLL Bandwidth = 2048 Hz e
Jitter <2048 Hz Jitter CLK_OUT ﬂT

e e ,
MCLK
M‘ M M M C‘rl Subclocks and data unchanged

/ from original clock domain
Fsyne ) ; ____» FSYNC )
BCLK / \ ____y BCK

DATA ) DO N b1 DATA [ DO N D1

Figure 4-11. Wide Bandwidth Application

4.5 Output Configuration

The clock output from the hybrid PLL is provided on the CLK_OUT pin. The output is enabled by default and is disabled
by setting CLK_OUT_DIS. If the output is disabled, the driver is configured in a high-impedance (Hi-Z) state.

The CLK_OUT signal is valid if the PLL is enabled and locked. If the PLL is not locked, the PLL output is invalid. To avoid
spurious clock generation, the OUT_GATE bit can be used to stop the output whenever the PLL is not locked. If OUT_
GATE = 0, the clock output is stopped whenever the PLL is not locked.

If OUT_GATE =1 and IDLE_CLK_EN = 1, an idle clock output is generated if the PLL is enabled while CLK_IN is not
present. The idle clock is derived from the SYSCLK internal timing reference (see Section 4.2). The frequency of the idle
clock is configured using IDLE_CLK_ FREQ. The idle clock can be used to ensure a CLK_OUT signal is generated if the
PLL is enabled before CLK_IN is present. When CLK_IN is provided, the PLL locks to the clock reference and the output
transitions to the configured frequency.

If OUT_GATE = 1 and the PLL is unlocked after previously having been locked, the CLK_OUT signal is invalid. The invalid
output may be a fixed logic level or may be an undefined frequency.

The PLL lock status is indicated using UNLOCK. This bit is set if the PLL is not locked (including if the PLL is disabled).
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4.6 Auxiliary Output

If the clock output is stopped as a result of the PLL lock status, the CS2500 controls the CLK_OUT signal to ensure there
is no partial clock period—the output is stopped at the end of a complete clock period. The stopped CLK_OUT signal is
Logic 0.

If the PLL is disabled, the CLK_OUT signal is stopped immediately; the stopped CLK_OUT signal can be either Logic 0
or Logic 1. Note that the clock output is restored to Logic 0 during PLL enable, prior to starting the clock output; the timing
is controlled to ensure there is no partial clock period.

The clock-output logic is described in Table 4-1.

Table 4-1. Clock Output Logic

CLK_OUT_DIS PLL Enable 1 UNLOCK OUT_GATE IDLE_CLK_EN CLK_OUT pin
1 = = = = Hi-Z
0 Disabled — — — Oor1
Enabled 0 — — Valid Clock
1 0 — 0
1 0 Invalid Clock 2
Idle or Invalid Clock 3

1.The PLL is enabled by setting PLL_EN1 and PLL_ENZ2. See Section 4.3.1 for further details.
2.The invalid clock may be a fixed logic level or may be an undefined frequency.
3.The idle clock is generated if the PLL is enabled while CLK_IN is absent. The output is invalid in other cases where the PLL is not locked.

4.6 Auxiliary Output

The CS2500 supports an auxiliary output (AUX_OUT) which can be configured as a clock or status output. The auxiliary
output is configured using AUX_OUT_SEL. The supported output functions are:

» Timing reference clock (REF_CLK_IN)

* Frequency reference clock (CLK_IN)

*  OQutput clock (CLK_OUT)

* PLL unlock status (asserted if PLL is not locked)

A glitchless transition is provided if the auxiliary output is switched between the timing reference and the output clock,
ensuring there are no partial clock periods in the output signal. The glitchless transition is illustrated in Fig. 4-12.

REF_CLK_IN
CLK_OUT

AUX_OUT_SEL
AUX_OUT 'l

Figure 4-12. Glitchless Transition between Clock Signals

If the auxiliary output is configured as the PLL unlock indication, the output driver can be configured as either CMOS (active
high) or open drain (active low). The output driver is configured using AUX_OUT_CFG.

Note: If the auxiliary output is configured as a clock output, the output driver is CMOS in all cases.

The output driver can be configured to high impedance by setting AUX_OUT_DIS.
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4.7 12C/SPI Control Port

The auxiliary output is illustrated in Fig. 4-13.

Timing reference (REF_CLK_IN)

Frequency reference (CLK_IN)

— AUX_OUT
Output clock (CLK_OUT)

PLL unlock status

AUX_OUT_CFG
AUX_OUT_DIS

AUX_OUT_SEL

Figure 4-13. Auxiliary Output Configuration

4.7 12C/SPI Control Port

The CS2500 incorporates a control port, supporting I2C or SPI modes of operation. In Software Control Mode, the CS2500
is configured by writing to control registers using the control port.

The control port is configured in 12C mode or SPI mode using the 12C_ADDR/ SPI_CS pin.

* 12C mode is selected by connecting the I2C_ADDR/ SPI_CS pin to VDD or GND. The pin connection is used to
select the target address on the 12C bus.

» SPI mode is selected by a high-to-low transition on the 12C_ADDR/SPI_CS pin after power-on.

4.71 12C Interface
The I12C control port is supported using the 12C_SCL and 12C_SDA pins.

The CS2500 is a target device on the I12C bus—SCL is a clock input, SDA is a bidirectional data pin. To allow arbitration
of multiple targets (and/or multiple controllers) on the same interface, the CS2500 transmits Logic 1 by tristating the SDA
pin, rather than pulling it high. An external pull-up resistor is required to pull the SDA line high so that the Logic 1 can be
recognized by the controller.

In order to allow many devices to share a single two-wire control bus, every device on the bus has a unique 8-bit target
address (this is not the same as the address of each register in the register map). Note that the LSB of the target address
is the read/write bit; this bit is set to Logic 1 for read and Logic 0 for write.

The I12C device address is configured using the 12C_ADDR/SPI_CS pin as described in Table 4-2.

Table 4-2. 12C Address Selection

12C_ADDR Pin Connection 12C Address
Pull-up to VDD Ox9E (write), OX9F (read)
Pull-down to GND 0x9C (write), 0x9D (read)

The host device indicates the start of data transfer with a high-to-low transition on SDA while SCL remains high. This
indicates that a device address and subsequent address/data bytes follow. The CS2500 responds to the start condition
and shifts in the next eight bits on SDA (8-bit target address, including read/write bit, MSB first). If the target address
received matches the target address of The CS2500, it responds by pulling SDA low on the next clock pulse (ACK). If the
target address is not recognized, the CS2500 returns to the idle condition and waits for a new start condition.

If the target address matches the target address of the CS2500, the data transfer continues. The controller indicates the
end of data transfer with a low-to-high transition on SDA while SCL remains high. After receiving a complete address and
data sequence, the CS2500 returns to the idle state and waits for another start condition. If a start or stop condition is
detected out of sequence at any point during data transfer (i.e., SDA changes while SCL is high), the device returns to the
idle condition.
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4.7 12C/SPI Control Port

The I12C interface uses a 7-bit register address and 8-bit data words. Note that the full I2C message protocol also includes
a target address, a read/ write bit, and other signaling bits (see Fig. 4-14 and Fig. 4-15).

The CS2500 supports the following read and write operations:

» Single write
» Single read
e Multiple write
* Multiple read
Continuous (multiple) read and write modes allow register operations to be scheduled faster than is possible with single

register operations. If auto-increment is enabled, the CS2500 automatically increments the register address after each
data byte. Successive data bytes can be input/output continuously, separated by the acknowledge (ACK) bit.

The auto-increment option is configured using the MSB of the register-address byte. Setting this bit enables the
auto-increment.

The I12C register write operation is shown in Fig. 4-14.

2 3 4 5 6 7 8 9 10 1112 13 1415 16 17 18 19 24 25 26 27 28

MUUUMIUMMMMM

Target Address (Write) Register Address Data Data +1 Data +n

son [T 00 1 1 twmo] s sas210] [7e, 10] [7e, 0] [re o] [
4 ACK ACK ACK ACK
START STOP

Figure 4-14. Control Interface I2C Register Write

The 12C register read operation is shown in Fig. 4-15.

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 27 28

see. JUUUUUUUUUULUUUUUUUTUUTTUTUUUY L of Ll L
ST
Target Address (Write) Register Address ‘ Target Address (Read) Data Data +1 Data +n
SDA T |1 00 1 1 1 r0pr 0 J llNcR[ 6 5 4 3 2 10 ‘ m L1 0 0 1 1 1 aor 1 S S S
ACK ACK ACK NO
4 4 et
START START STOP

Figure 4-15. Control Interface 12C Register Read

4.7.2 SPl Interface
The SPI interface is supported using the SPI_CS, SPI_SCK, and SPI_SDI pins.

The SPI_CS pin provides the chip-select input (active low). Data bits (on the SPI_SDI pin) are clocked in on the rising edge
of SPI_SCK. Note the SPI interface supports write operations only; read operations are not supported.

The SPI write transaction starts with a high-to-low transition on SPI1_CS. The first data byte contains the chip address,
which must be 0x9E when writing to the CS2500. The next data byte contains the register address and auto-increment bit.
This is followed by the data to be written to the selected register address.

Continuous (multiple) write mode allows register operations to be scheduled faster than is possible with single register
writes. If auto-increment is enabled, the CS2500 automatically increments the register address after each data byte.
Successive data bytes can be input every 8 clock cycles, allowing block writes of multiple registers.

The auto-increment option is configured using the MSB of the register-address byte. Setting this bit enables the
auto-increment.
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4.7 12C/SPI Control Port

The SPI register write operation is shown in Fig. 4-16.

cs | [

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17
se« — JUUTUUTUUTUUTUUTUT L JUT UL TUT
Chip Address Register Address Data Data +n
CC (C
SDI_| |10011110|ch|6543210|76D10|76D10| |_
()() ()(J

Figure 4-16. Control Interface SPI Register Write

4.7.3 Device Configuration

The device should be fully configured before enabling the PLL. When changing any register settings, it is recommended
to disable the PLL, update the registers, then enable the PLL; this ensures there is no unintended behavior.

See Section 4.3.1 to enable and disable the PLL. Specific restrictions and exceptions on updating register fields are
described in Section 4.7.3.2.

4.7.3.1 Freezable Fields

The register map supports a number of freezable fields, as listed in Table 4-3. If FREEZE_EN is set, these fields are frozen
to their current values regardless of any register writes. If a new value is written, the value is buffered and does not become
effective until FREEZE_EN is cleared. When FREEZE_EN is cleared, all of the frozen fields become active
simultaneously.

Table 4-3. Freezable Fields

Address Fields
0x02 CLK_OUT _DIS, AUX_OUT_DIS
0x03 AUX_OUT_SEL, S_RATIO_SEL, RATIO_MOD
0x04 PLL_MODE_SEL, M_RATIO_SEL

4.7.3.2 Field Update Restrictions

The fields listed in Table 4-4 can be configured at any time, and do not result in any partial clock period in the outputs.

Table 4-4. Register Fields with No Write Restrictions

Address Fields
0x02 CLK_OUT_DIS, AUX_OUT_DIS
0x03 PLL_EN1, AUX_OUT_SEL
0x05 PLL_EN2, FREEZE_EN
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4.8 Device ID

The fields listed in Table 4-5 can be configured at any time, but may cause the PLL to lose lock temporarily.

Table 4-5. Register Fields with Restrictions

Address Fields
0x03 S _RATIO_SEL 1, RATIO_MOD
0x04 PLL MODE_SEL, M _RATIO_SEL 1, SMART_MULTIPLIER_MODE

0x06-0x09  |RATIO1_1-RATIO1 4

0x0A—0xOD  |RATIO2_1-RATIO2 4

Ox0E-0x11  |RATIO3_1-RATIO3 4

0x12-0x15  |RATIO4_1-RATIO4 4
0x16 REF_CLK_IN_DIV
0x17 RATIO_CFG

1.1f SMART_MULTIPLIER_MODE = 1, the S_RATIO_SEL and M_RATIO_SEL fields can be
configured at any time, provided the respective field values differ from each other before the
update and after the update. In all other cases, the PLL should be disabled before writing to
these fields. If SMART_MULTIPLIER_MODE = 0, there is no restriction on writing to these
fields.

Note that, for all other control fields (not listed in Table 4-4 or Table 4-5), the PLL should be disabled before reconfiguring;
failure to do so may result in unintended behavior, and may require a software reset to restart the device.

4.7.4 Software Reset

A software reset is triggered by writing 0x5A to the SW_RST field. A software reset causes all of the CS2500 control
registers to be reset to their default states.

4.7.5 Power-On Reset

The power-on reset (POR) sequence is scheduled on initial power-up, and following any interruption to the VDD supply.
The POR causes all of the CS2500 control registers to be reset to their default states.

4.8 Device ID

The device ID, and other associated data, can be read from the control fields listed in Table 4-6.

Table 4-6. Device ID

Label Description
DEVID_1, DEVID_2 Device ID
A_REV_ID All-layer device revision
MTL_REV_ID Metal-layer device revision
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5 Applications

5 Applications

5.1 Crystal Component Selection

The crystal oscillator (see Section 4.2.1) uses an external crystal to generate the timing reference. Load capacitors are
connected to the crystal as shown in Fig. 5-1. A series resistor (Rg) may also be required to configure the drive level for
the selected crystal.

Crystal oscillator interface
I XTAL_IN
| | C)(TAL —L
[ xTtAaL
Il T — XTAL_OUT
' CxraL Rs

Figure 5-1. Crystal Oscillator Connection

The suitability of the selected crystal is determined by whether the gain margin and drive level are within the valid operating
limits of the crystal. The gain margin and drive level can be calculated as a function of the transconductance of the crystal
interface.

The transconductance of the crystal interface is dependent on the VDD operating voltage as described in Table 3-4. For
3.3 V use cases, the transconductance is configurable using the XOSC_GEARnN_3V3_DRY fields as described in
Section 4.2.1.

The recommended sequence for crystal component selection is as follows:

1. Crystal selection. The CS2500 is compatible with a wide variety of crystal components, including the NX3225SA,
NX2016A, ECX-33Q, and ECX-2236Q families.

2. Capacitor selection. Capacitors should be selected according to the crystal manufacturer’s specification for load
capacitance (Cy ). The recommended value for each CxtaL capacitor is 2 x C|..

3. Series resistor. In the first instance, assume the series resistor Rs is not required (0 Q).

4. Gain margin calculation. The gain margin can be calculated from the transconductance of the crystal interface
and the series resistor Rg, together with the crystal characteristics. If the gain margin is less than 5, adjust the
transconductance parameter to achieve the required gain margin 5. If the required gain margin cannot be
achieved, a different crystal selection must be made (Step 1).

Transconductance

The gain margin is calculated as follows: Gain Margin = > 5
4 x (ESR+Rg) x (2T x fypa)” x (Co+Cp)

where:
Transconductance = transconductance of the crystal interface (S)
ESR = equivalent series resistance (ESR) of the crystal (Q)
Rg = series resistance (Q)
fxTaL = resonant frequency of the crystal (Hz)
C_ = load capacitance of the crystal (F)
Co = shunt capacitance of the crystal (F)
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5.1 Crystal Component Selection

5. Drive level calculation. The drive level can be calculated using the crystal characteristics and the operating
voltage. The operating voltage (peak voltage across the crystal) can be determined using measurement or else by
simulation. If the drive level exceeds the maximum level for the crystal, adjust the series resistor Rg to meet the
required specification. Increasing Rg results in a lower voltage across the crystal and a decrease in drive level.

If the series resistor is adjusted, the gain margin must now be recalculated (Step 4). It is recommended to find the
minimum series resistance that meets the required gain margin and drive level.
The drive level (W) is calculated as follows:Drive Level = 2 x ESR x (T x fyra, x V x (C +C¢))?
where:
ESR = equivalent series resistance (ESR) of the crystal (Q)
fxTaL = resonant frequency of the crystal (Hz)
V = Peak voltage across the crystal (V)
C_ = load capacitance of the crystal (F)
Cp = shunt capacitance of the crystal (F)

The sequence for crystal component selection is illustrated in Fig. 5-2.

» Crystal selection

A

Capacitor selection

A

Transconductance .| Gain Margin (GM)
update calculation

A

Can
transconductance
be increased?

No

Yes
Drive Level (DL) Series resistor
calculation update (Rs)
A
No
Yes

XTAL is configured

Figure 5-2. Crystal Oscillator Component Selection
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6 Register Quick Reference

6 Register Quick Reference

This section gives an overview of the control port registers. Refer to the following bit definition tables for bit assignment

information.

This register view is for the CS2500.

A "—"represents a reserved field/access type.
* The reserved field values must not be modified.
* The registers are 16 bits wide, and only word transactions are allowed.

¢ Fields shown in

are affected by the FREEZE bit.

» All visible fields are read/write except where indicated with the following shading:

|:| Read/write access

|:| Read-only access

Table 6-1. Block Base Addresses

|:| Write-only access

Register Quick Regi_stgr
Base Address Block Name Reference Description
Reference
0x0000 0000 CONFIG Section 6.1 Section 7.1
6.1 CONFIG
Address Register 7 3 2 0
0x0000 0002 |PLL_CFG1 UNLOCK
p.27 1 0 0 0
0x0000 0003 |PLL_CFG2
p.27 0 0 0 0
0x0000 0004 |PLL_CFG3 SMART_
MULTIPLIER_
MODE
p.28 0 0 0 0
0x0000 0005 |PLL_CFG4 FREEZE_EN — PLL_EN2
p.28 0 0 0
0x0000 0006 |RATIO1_REG_1 RATIO1_1
p.28 0 0 0 0
0x0000 0007 |RATIO1_REG_2 RATIO1_2
p.28 0 0 0 0
0x0000 0008 |RATIO1_REG_3 RATIO1_3
p.28 0 0 0 0
0x0000 0009 |RATIO1_REG 4 RATIO1_4
p.29 0 0 0 0
0x0000 000A |RATIO2_REG_1 RATIO2_1
p.29 0 0 0 0
0x0000 000B |RATIO2 REG 2 RATIO2 2
p.29 0 0 0 0
0x0000 000C |RATIO2 REG_3 RATIO2_3
p.29 0 0 0 0
0x0000 000D |RATIO2 REG 4 RATIO2_4
p.29 0 0 0 0
0x0000 000E |RATIO3_REG_1 RATIO3_1
p.29 0 0 0 0
0x0000 000F |RATIO3_REG_2 RATIO3_2
p.29 0 0 0 0
0x0000 0010 |RATIO3_REG_3 RATIO3_3
p. 30 0 0 0 0
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6.1 CONFIG
Address Register 7 | 6 5 4 3 2 1 | 0

0x0000 0011 |RATIO3_REG_4 RATIO3_4

p. 30 0 0 0 0 0 0 0 0
0x0000 0012 | RATIO4_REG_1 RATIO4_1

p. 30 0 0 0 0 0 0 0 0
0x0000 0013 | RATIO4_REG_2 RATIO4_2

p. 30 0 0 0 0 0 0 0 0
0x0000 0014 | RATIO4_REG_3 RATIO4_3

p. 30 0 0 0 0 0 0 0 0
0x0000 0015 | RATIO4_REG_4 RATIO4_4

p. 30 0 0 0 0 0 0 0 0
0x0000 0016 | PLL_CFG5 CLK_IN_SKIP_EN| AUX_OUT_CFG — REF_CLK_IN_DIV —

p. 31 0 0 0 0 0 0 0 0
0x0000 0017 | PLL_CFG6 — OUT_GATE RATIO_CFG —

p. 31 0 0 0 0 0 0 0 0
0x0000 001E [PLL_CFG7 FLL_BW_MOD FLL_BW —

p. 31 1 0 0 0 0 0 0 0
0x0000 0054 | DEV_ID_CS250X_0 DEVID_2

p. 31 0 0 1 0 0 1 0 1
0x0000 0055 | DEV_ID_CS250X_1 DEVID_1

p. 32 0 0 0 0 0 0 0 0
0x0000 0056 | REV_ID_CS250X_2 A_REV_ID MTL_REV_ID

p. 32 X X X X X X X X
0x0000 0058 | SW_RESET SW_RST

p. 32 0 0 0 0 0 0 0 0
0x0000 0068 | XOSC_DRVA XOSC_GEAR1_3V3_DRV —

p. 32 0 0 0 0 1 1 1 1
0x0000 0069 | XOSC_DRV2 XOSC_GEAR2_3V3_DRV —

p. 32 0 0 0 0 1 1 1 1
0x0000 00BA |XOSC_DRV3 XOSC_GEAR3_3V3_DRV —

p. 33 0 0 0 0 1 1 1 1
0x0000 0070 |IDLE_CLK_CFG — IDLE_CLK_EN IDLE_CLK_FREQ

p. 33 0 0 0 0 1 1 0 0
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7 Register Descriptions

7 Register Descriptions

This section describes each of the control port registers.

This register view is for the CS2500.

A "—" represents a reserved field/access type.

The reserved field values must not be modified.

The registers are 16 bits wide, and only word transactions are allowed.

Fields shown in are affected by the FREEZE bit.

All visible fields are read/write except where indicated with the following shading:

|:| Read/write access |:| Read-only access |:| Write-only access

7.1 CONFIG
711 PLL CFG1 Address: 0x0000 0002
7 6 5 4 | 3 2 1 0
UNLOCK —
Access RO — RW RW
Default 1 0 0 0 | 0 0 0 0
Bits Name Description
7 UNLOCK PLL frequency unlock indicator
0 = PLL has not unlocked since last read of this field
1 = (Default) PLL has unlocked since last read of this field
6:2 — Reserved
1 AUX_OUT disable. If disabled, the output driver is high-impedance (Hi-Z).
0 = (Default) Output enabled
1 = Output disabled (Hi-Z)
0 CLK_OUT disable. If disabled, the output driver is high-impedance (Hi-Z).
0 = (Default) Output enabled
1 = Output disabled (Hi-Z)
7.1.2 PLL CFG2 Address: 0x0000 0003
RW 7 6 5 4 | 3 2 1 0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
75 Ratio modifier control. Adjusts the PLL ratio by the selected multiplier/division factor.
000 = (Default) Multiply x1 100 = Divide /2
001 = Multiply x2 101 = Divide /4
010 = Multiply x4 110 = Divide /8
011 = Multiply x8 111 = Divide /16
4:3 Ratio selection in Synthesizer Mode.
00 = (Default) Ratio 1 10 = Ratio 3
01 = Ratio 2 11 = Ratio 4
2:1 AUX_OUT function select
00 = (Default) REF_CLK_IN 10 = CLK_OUT
01 = CLK_IN 11 = PLL unlock (UNLOCK)
0 PLL enable. Note that PLL_EN2 must also be set to enable the PLL.
0 = (Default) Disabled
1 = Enabled
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7.1 CONFIG
7.1.3 PLL CFG3 Address: 0x0000 0004
RwW 7 6 5 4 3 2 0
_ SMART_MULTIPLIER_
MODE
Default 0 0 0 0 0 0 0
Bits Name Description
74 — Reserved
3 SMART _ Smart Multiplier mode select.
MULTIPLIER_MODE | o = (Default) Automatic
1 = Holdover
21 Ratio selection in Multiplier Mode.
00 = (Default) Ratio 1 10 = Ratio 3
01 = Ratio 2 11 = Ratio 4
0 PLL mode control. Selects Multiplier Mode or Synthesizer Mode. Only valid if S_RATIO_SEL and M_RATIO_
SEL are set to the same value.
0 = (Default) Synthesizer Mode
1 = Multiplier Mode
7.1.4 PLL CFG4 Address: 0x0000 0005
RwW 7 6 5 4 3 2 0
— FREEZE_EN PLL_EN2
Default 0 0 0 0 0 0
Bits Name Description
74 — Reserved
3 FREEZE_EN Freeze register control. If enabled, the freezable fields hold their current values. Any updates to these fields are
buffered until FREEZE_EN is cleared.
0 = (Default) Disabled
1 = Enabled
2:1 — Reserved
0 PLL_EN2 PLL enable. Note that PLL_EN1 must also be set to enable the PLL.
0 = (Default) Disabled
1 = Enabled
7.1.5 RATIO1 REG 1 Address: 0x0000 0006
RwW 7 6 5 4 | 3 2 0
RATIO1_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7:0 RATIO1_1 Ratio 1, bits [31:24]
7.1.6 RATIO1 REG 2 Address: 0x0000 0007
RwW 7 6 5 4 | 3 2 0
RATIO1_2
Default 0 0 0 0 | 0 0 0
Bits Name Description
7:0 RATIO1_2 Ratio 1, bits [23:16]
71.7 RATIO1 REG 3 Address: 0x0000 0008
RW 7 6 5 4 | 3 2 0
RATIO1_3
Default 0 0 0 0 | 0 0 0
Bits Name Description
7.0 RATIO1_3 Ratio 1, bits [15:8]
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7.1 CONFIG
7.1.8 RATIO1 REG 4 Address: 0x0000 0009
RwW 7 6 5 | 3 0
RATIO1_4
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO1 4 Ratio 1, bits [7:0]
7.1.9 RATIO2 REG 1 Address: 0x0000 000A
RwW 7 6 5 | 3 0
RATIO2_1
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO2_1 Ratio 2, bits [31:24]
7.1.10 RATIO2 REG 2 Address: 0x0000 000B
Rw 7 6 5 | 3 0
RATIO2_2
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO2_2 Ratio 2, bits [23:16]
7.1.11 RATIO2 REG 3 Address: 0x0000 000C
RW 7 6 5 | 3 0
RATIO2_3
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO2_3 Ratio 2, bits [15:8]
7.1.12 RATIO2 REG 4 Address: 0x0000 000D
RW 7 6 5 | 3 0
RATIO2_4
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO2_4 Ratio 2, bits [7:0]
7.1.13 RATIO3 REG 1 Address: 0x0000 000E
RwW 7 6 5 | 3 0
RATIO3_1
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO3_1 Ratio 3, bits [31:24]
7.1.14 RATIO3 REG 2 Address: 0x0000 000F
RwW 7 6 5 | 3 0
RATIO3_2
Default 0 0 0 | 0 0
Bits Name Description
7:0 RATIO3 2 Ratio 3, bits [23:16]
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7.1 CONFIG
7.1.15 RATIO3 REG 3 Address: 0x0000 0010
RwW 7 6 5 4 | 3 2 1 0
RATIO3_3
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO3 3 Ratio 3, bits [15:8]
7.1.16 RATIO3 REG 4 Address: 0x0000 0011
RW 7 6 5 4 | 3 2 1 0
RATIO3_4
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO3 4 Ratio 3, bits [7:0]
7.1.17 RATIO4 REG 1 Address: 0x0000 0012
Rw 7 6 5 4 | 3 2 1 0
RATIO4_1
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO4_1 Ratio 4, bits [31:24]
7.1.18 RATIO4 REG 2 Address: 0x0000 0013
RwW 7 6 5 4 | 3 2 1 0
RATIO4 2
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO4 2 Ratio 4, bits [23:16]
7.1.19 RATIO4 REG 3 Address: 0x0000 0014
RW 7 6 5 4 | 3 2 1 0
RATIO4_3
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO4 3 Ratio 4, bits [15:8]
7.1.20 RATIO4 REG 4 Address: 0x0000 0015
RwW 7 6 5 4 | 3 2 1 0
RATIO4_4
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RATIO4 4 Ratio 4, bits [7:0]
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7.1 CONFIG

7.1.21 PLL_CFG5

RW

Address: 0x0000 0016

6 5 4 | 3 2 1 0

7
CLK_IN_SKIP_EN | AUX_OUT_CFG — REF_CLK_IN_DIV —
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 CLK_IN_SKIP_EN |Clock-skipping enable
0 = (Default) Disabled
1 = Enabled
6 AUX_OUT_CFG |AUX1 and AUX2 driver configuration. Only valid for lock/status output signals; clock outputs are CMOS in all
cases.
0 = (Default) CMOS. Active high (Logic 1 indicates unlock or clock-missing status).
1 = Open Drain. Active low (Logic 0 indicates unlock or clock-missing status).
5 — Reserved
4:3 REF_CLK_IN_DIV |REF_CLK_IN input divider.
00 = (Default) Divide by 4 10 = Divide by 1
01 = Divide by 2 11 = Reserved
2:0 — Reserved
7.1.22 PLL_CFG6 Address: 0x0000 0017
RW 7 6 5 4 3 2 1 0
— OUT_GATE RATIO_CFG —
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:5 — Reserved
4 OUT_GATE Output gate control. Selects whether the clock outputs are stopped automatically if they are not valid.
0 = (Default) Enabled
1 = Disabled
3 RATIO_CFG Ratio format control. Selects format for the ratio selected by M_RATIO_SEL. Note this field has no effect in
Synthesizer Mode.
0 = (Default) High multiplication (20.12)
1 = High resolution (12.20)
2:0 — Reserved
7.1.23 PLL_CFG7 Address: 0x0000 001E
RW 7 6 5 4 3 2 1 0
FLL_BW_MOD | FLL_BW —
Default 1 0 0 0 0 0 0 0
Bits Name Description
7 FLL_BW_MOD FLL bandwidth multiplication factor. Modifies the bandwidth selected by FLL_BW.
0 = FLL_BW is multiplied by 1
1 = (Default) FLL_BW is multiplied by 16
6:4 FLL BW FLL bandwidth select. Note the FLL bandwidth is also determined by the multiplication factor, FLL_BW_MOD.
000 = (Default) 1 Hz
001 =2Hz 111 =128 Hz
010=4Hz
3:0 — Reserved
7.1.24 DEV_ID_CS250X_0 Address: 0x0000 0054
RO 7 6 5 4 | 3 2 1 0
DEVID_2
Default 0 0 1 0 | 0 1 0 1
Bits Name Description
7:0 DEVID_2 Device ID (MSB). A value of 0x2500 indicates the device is a CS2500.
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7.1 CONFIG

7.1.25 DEV_ID_CS250X_1

Address: 0x0000 0055

RO 7 6 5 4 | 3 2 0
DEVID_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7.0 DEVID_1 Device ID (LSB). A value of 0x2500 indicates the device is a CS2500.

7.1.26 REV_ID_CS250X_2

RO

Address: 0x0000 0056

7 6 5 4 3 2 0
A_REV_ID MTL_REV_ID
Default X X X X X X X
Bits Name Description
74 A_REV_ID All-layer device revision. This field is incremented for every all-layer revision of the device.
3.0 MTL_REV_ID Metal-layer device revision. This field is incremented for every metal-layer revision of the device.

7.1.27 SW_RESET

WO

Address: 0x0000 0058

7 3 2 0
SW_RST
Default 0 0 0 0 | 0 0 0
Bits Name Description
7:0 SW_RST Software reset. Write 0x5A to execute a software reset.

0x00 = (Default) No action
0x01-0x59 = Reserved

0x5A = Software reset
0x5B—0xFF = Reserved

7.1.28 XOSC_DRV1

RW

Address: 0x0000 0068

7 6 5 4 3 2 0
XOSC_GEAR1_3V3_DRV —
Default 0 0 0 0 1 1 1
Bits Name Description

7:4 |XOSC_GEAR1_3V3_

DRV

Valid if REF_CLK_IN_DIV = 10 (Divide by 1).
0x0 = (Default) 13 mS

Crystal oscillator transconductance control, 8-18.75 MHz, 3.3 V.

0x2—-0xF = Reserved

0x1 =26 mS
3.0 — Reserved
7.1.29 XOSC DRV2 Address: 0x0000 0069
RW 7 6 5 4 3 2 0
XOSC_GEAR2_3V3_DRV —
Default 0 0 0 0 1 1 1
Bits Name Description

7:4 |XOSC_GEAR2_3V3_

Crystal oscillator transconductance control, 16-37.5 MHz, 3.3 V.

DRV Valid if REF_CLK_IN_DIV = 01 (Divide by 2).
0x0 = (Default) 13 mS 0x2—-0xF = Reserved
0x1 =26 mS
3:0 — Reserved
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7.1 CONFIG

7.1.30 XOSC_DRV3

Address: 0x0000 006A

Rw 7 6 5 3 2 1 0
XOSC_GEAR3_3V3_DRV —
Default 0 0 0 1 1 1 1
Bits Name Description
7:4 | XOSC_GEAR3_3V3_|Crystal oscillator transconductance control, 32-50 MHz, 3.3 V.

DRV

Valid if REF_CLK_IN_DIV = 00 (Divide by 4).
0x0 = (Default) 13 mS

0x2—-0xF = Reserved

0x1 =26 mS
3.0 — Reserved
7.1.31 IDLE CLK CFG Address: 0x0000 0070
RwW 7 6 5 4 3 2 1 0
— IDLE_CLK_EN IDLE_CLK_FREQ
Default 0 0 0 0 1 1 0 0
Bits Name Description
74 — Reserved
3 IDLE_CLK_EN Idle clock enable. If OUT_GATE=1 and IDLE_CLK_EN=1, the idle clock is output if the PLL is enabled while
CLK_IN is absent.
0 = Disabled
1 = (Default) Enabled
2:0 IDLE_CLK_FREQ |ldle clock frequency
000-001 = Reserved 101 = SYSCLK /10
010 = SYSCLK /4 110 = SYSCLK /12
011 = SYSCLK /6 111 = SYSCLK /14
100 = (Default) SYSCLK /8
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8 Performance Plots

8 Performance Plots

Performance data is provided for a variety of test cases. Performance is measured at the main clock output (CLK_OUT).

Test conditions (unless otherwise specified): Ta = 25°C, output load = 15 pF, output drive strength = 10 mA, REF_CLKis
jitter-free (phase noise at least 20 dB lower than the device phase noise), VDD is noise free (noise present does not impact
on jitter specifications).

8.1 Jitter Performance

Sinusoidal phase-deviation tolerance is illustrated in Fig. 8-1. Phase deviation is applied to the CLK_IN frequency
reference; the performance plots show the phase deviation that can be tolerated without losing PLL lock.

Test conditions: CLK_IN = 12.288 MHz, CLK_OUT =12.288 MHz, REF_CLK = 12 MHz. (Performance is measured with
external 12 MHz reference clock and 12 MHz crystal; the plot shows worst-case performance.)
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Figure 8-1. Sinusoidal Phase-Deviation Tolerance—External Clock
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8.1 Jitter Performance

Random TIE jitter rejection and tolerance is illustrated in Fig. 8-2. Jitter is applied to the CLK_IN frequency reference.

Test conditions: CLK_IN = 12.288 MHz, CLK_OUT =12.288 MHz, REF_CLK = 12 MHz. (Performance is measured with
external 12 MHz reference clock and 12 MHz crystal; the plot shows worst-case performance.)
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Figure 8-2. Random Jitter Rejection—External Clock

Sinusoidal TIE jitter transfer is illustrated in Fig. 8-3. Jitter is applied to the CLK_IN frequency reference; the performance
plots show the output jitter level relative to the input jitter level.

Test conditions: CLK_IN=12.288 MHz, CLK_OUT =12.288 MHz, REF_CLK = 12 MHz. (Performance is measured with
external 12 MHz reference clock and 12 MHz crystal; the plot shows worst-case performance.)
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Figure 8-3. Sinusoidal Jitter Transfer—External Clock
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8.2 Phase Noise

8.2 Phase Noise

The intrinsic phase-noise performance is illustrated in Fig. 8-4. The performance plots show the output phase noise under
typical operating conditions. Note that the CLK_IN frequency reference is jitter-free for these tests.

Test conditions: CLK_IN =48 kHz, CLK_OUT = 24.576 MHz, REF_CLK =12 MHz. (Performance is measured with
external 12 MHz reference clock and 12 MHz crystal; the plot shows worst-case performance.)

MultiView Phase Noise

Signal Frequency 24.575986 MHz RBW 1%
Signal Level -4.61 dBm XCORR Factor 10
& Att 0 dB  Meas Time ~3 m Level Setting High
1 Noise Spectrum
H 10 Hz 100 Hz 1 kHz i 110 kHz i i i 1EIEI|I<HZ 1 MHz

.Range 1 (wideband)

0 dec/H

-20 dB;:/" Ranée 2 (base‘band}‘

-60 da;:/th—'ﬁm

-80 dac/H

100 dho/Hz

-120 dBo/He \\4

-140 dBc/Hz

-160 dBc/Hz

1.0Hz Frequency Offset
2 Integrated Measurements

1 1 100.000 Hz 12,288 MHz -40.42 dBc 77215 m"/13.48 mrad 8,991 kHz 87.275 ps
2 1 100.000 Hz 40.000 kHz -52.19 dBc 186,12 m°/3.48 mrad 86.270 Hz 22,506 ps

Figure 8-4. Phase Noise—External Clock

DS1343F2 36
Copyright © 2023-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


http://www.cirrus.com
https://tracker.cirrus.com/secure/CreateIssueDetails!Init.jspa?Create=Create&pid=15804&issuetype=3&priority=4&summary=[<NOLAN>+DSxxxxF1+internal]&assignee=ph&components=26456

—m
——mm

——= CIRRUS LOGIC

CS2500

9 Thermal Characteristics

9 Thermal Characteristics

Table 9-1. Typical JEDEC Four-Layer, 2s2p Board Thermal Characteristics

Parameter Symbol TSSOP Units
Junction-to-ambient thermal resistance 04A 143.73 °C/W
Junction-to-board thermal resistance 68 184.21 °C/W
Junction-to-case (top) thermal resistance 0yc 194.48 °C/IW
Junction-to-board thermal-characterization parameter Yig 126.27 °C/IW
Junction-to-package-top thermal-characterization parameter Yo 14.25 °C/IW
Notes:
» Natural convection at the maximum recommended operating temperature Tp (see Table 3-1)
* Four-layer, 2s2p PCB as specified by JESD51-9 and JESD51-11; dimensions: 101.5 x 114.5x 1.6 mm
* Thermal parameters as defined by JESD51-12
10 Package Dimensions
1/|-l \\ |:| SYMBOL| MIN | NOM | MAX | MIN | NOM | MAX
! o H H H H TOTAL THICKNESS A 0.86 [ ——]1.04 | .04 | —— | .04
I\ SR STAND OFF Al 005 | —-| 013 | .002 | ——— | .005
k- 10 & E/2 MOLD THICKNESS A2 08 | ——1 091 | 032 | — |.:036
i il LEAD WIDTH(PLATING) b 017 | —-| 027 | 007 [ — | .01
DETAIL F—'f LEAD WIDTH b1 017 [—-]0.23 | .007 | —— | .008
Bl =i E L/F THICKNESS{PLATING) c 015 [—-| 0.2 | .005 [ —— | .008
L/F THICKNESS cl 0.08 | —-| 018 | 003 | ——— | .007
. [ x [} 2.9 3 31 [ e | 8| 122
iy A ? B [Y[ €& |28 3 | 31| ma| 18] 122
G G | E 48 | 43 [ 5 [asa] s3] 197
-"J_i LEAD PITCH e 0.5 BsSC .020 85C
- L [o.44s]o548]o648] .08 [ 021 | .026
FOOTPRINT & 0.95 REF 037 REF
[T B [ o [—-] & [ oo [——] &
2 T — o 5 || 18
ToP VIEW R AR AR AT
} | i "1 007 | —|——]003|—|-—
4 | B k2 | 007 | —=|——=|.003 [—— [-—
A } i g LEAD EDGE OFFSET aan 0.2 .008
}_r— - 1 LEAD OFFSET bbb 0.08 .003
; J COPLANARITY (=0 0.1 004
L » MOLD FLATNESS ddd Q.05 002
SEATING
PLANE [ [ I

~=— 10X b

[ [obb )

SIDE VIEW

a
—f ———

L

(b)

SECTION G-G
SCALE: 150/1

GAUGE PLAME

DETAIL F
ROTATED 90° CCW
SCALE: 221

NOTES

T, DIMENSICM D AND E1 DOES MOT INCLUDE MOLD PROTRUSION

ALLOWABLE MOLD PROTRUSION ON O 1S 0.15mm{.006in) PER SIDE
AND ON E1 1S 0.25mm(.010in) PER SIDE.

™

CONDITICN.

w

DIMENSION b DDES MOT INCLUDE DAM BaAR PROTRUSION
ALLOWABLE DAM BAR FROTRUSION SHALL BE 0.13mm({.005in)
TOTAL IN EXCESS OF THE b DIMENSION AT MAXIMUM MATERIAL

DIMENSION El DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR FROTRUSION SHALL MOT EXCEED 0.25mm
(.010I) PER SIDE

Figure 10-1. TSSOP Package Dimensions
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11 Package Marking

Commercial Grade

(CS2500-CZ and CS2500-CZR)

Automotive Grade 2
(CS2500-DZ and CS2500-DZR)

2500C
LLYY

WWCO
®

A

2500D
LLYY

WWCO
®

»

\

Pin 1 Location Indicator

Top Side Brand

Line 1: Part number
Line 2: Package mark
Line 3: Package mark

\

Pin 1 Location Indicator

LL = Lot sequence code

YY = Year of manufacture

WW = Work week of manufacture
CO = Country of origin

Figure 11-1. Package Marking

12 Ordering Information

Table 12-1. Ordering Information

CS2500
11 Package Marking

Product Description Package CoI;o;:;znt Grade Tenég?‘rg‘t;ure Container ordﬁﬁ:{;ra"
CS2500 |Clock Synthesizer and Multiplier | 10L-TSSOP Yes Commercial| —40 to +85°C Tube CS2500-CZ
Tape and Reel CS2500-CZR
Automotive | —40 to +105°C Tube CS2500-Dz
Grade 2 Tape and Reel| CS2500-DZR

13 References

* NXP Semiconductors, UM10204 Rev. 7, October 2021, 12C-Bus Specification and User Manual,

http://www.nxp.com

14 Revision History

Table 14-1. Revision History

Revision Change
F1 * Initial production release
APR 2025
F2 - Timing specifications updated to support 12C Fast Mode (Table 3-5)
JAN 2026

» Correction to package marking information, referencing the order-code suffixes —CZ, -CZR, -DZ, and —DZR (Section 11)

Important: Please check www.cirrus.com or with your Cirrus Logic sales representative to confirm that you are using the latest revision of this
document and to determine whether there are errata associated with this device.
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14 Revision History

Contacting Cirrus Logic Support
For all product questions and inquiries, contact a Cirrus Logic Sales Representative.
To find one nearest you, go to www.cirrus.com.

IMPORTANT NOTICE

The products and services of Cirrus Logic International (UK) Limited; Cirrus Logic, Inc.; and other companies in the Cirrus Logic group (collectively either “Cirrus
Logic” or “Cirrus”) are sold subject to Cirrus Logic’s terms and conditions of sale supplied at the time of order acknowledgment, including those pertaining to
warranty, indemnification, and limitation of liability. Software is provided pursuant to applicable license terms. Cirrus Logic reserves the right to make changes to
its products and specifications or to discontinue any product or service. Customers should therefore obtain the latest version of relevant information from Cirrus
Logic to verify that the information is current and complete. Testing and other quality control techniques are utilized to the extent Cirrus Logic deems necessary.
Specific testing of all parameters of each device is not necessarily performed. In order to minimize risks associated with customer applications, the customer must
use adequate design and operating safeguards to minimize inherent or procedural hazards. Cirrus Logic is not liable for applications assistance or customer
product design. The customer is solely responsible for its overall product design, end-use applications, and system security, including the specific manner in which
it uses Cirrus Logic components. Certain uses or product designs may require an intellectual property license from a third party. Features and operations
described herein are for illustrative purposes only and do not constitute a suggestion or instruction to adopt a particular product design or a particular mode of
operation for a Cirrus Logic component.

CIRRUS LOGIC PRODUCTS ARE NOT DESIGNED, TESTED, INTENDED OR WARRANTED FOR USE (1) WITH OR IN IMPLANTABLE PRODUCTS OR FDA/
MHRA CLASS |l (OR EQUIVALENT CLASSIFICATION) MEDICAL DEVICES, OR (2) IN ANY PRODUCTS, APPLICATIONS OR SYSTEMS, INCLUDING
WITHOUT LIMITATION LIFE-CRITICAL MEDICAL EQUIPMENT OR SAFETY OR SECURITY EQUIPMENT, WHERE MALFUNCTION OF THE PRODUCT
COULD CAUSE PERSONAL INJURY, DEATH, SEVERE PROPERTY DAMAGE OR SEVERE ENVIRONMENTAL HARM. INCLUSION OF CIRRUS LOGIC
PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER’S RISK AND CIRRUS LOGIC DISCLAIMS AND MAKES NO WARRANTY,
EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WITH
REGARD TO ANY CIRRUS LOGIC PRODUCT THAT IS USED IN SUCH A MANNER. IF THE CUSTOMER OR CUSTOMER’S CUSTOMER USES OR PERMITS THE USE
OF CIRRUS LOGIC PRODUCTS IN SUCH A MANNER, CUSTOMER AGREES, BY SUCH USE, TO FULLY INDEMNIFY CIRRUS LOGIC, ITS OFFICERS, DIRECTORS,
EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING ATTORNEYS’ FEES AND COSTS, THAT MAY RESULT FROM OR
ARISE IN CONNECTION WITH THESE USES.

This document is the property of Cirrus Logic, and you may not use this document in connection with any legal analysis concerning Cirrus Logic products
described herein. No license to any technology or intellectual property right of Cirrus Logic or any third party is granted herein, including but not limited to any
patent right, copyright, mask work right, or other intellectual property rights. Any provision or publication of any third party’s products or services does not
constitute Cirrus Logic’s approval, license, warranty or endorsement thereof. Cirrus Logic gives consent for copies to be made of the information contained herein
only for use within your organization with respect to Cirrus Logic integrated circuits or other products of Cirrus Logic, and only if the reproduction is without
alteration and is accompanied by all associated copyright, proprietary and other notices and conditions (including this notice). This consent does not extend to
other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale. This document and its information
is provided “AS IS” without warranty of any kind (express or implied). All statutory warranties and conditions are excluded to the fullest extent possible. No
responsibility is assumed by Cirrus Logic for the use of information herein, including use of this information as the basis for manufacture or sale of any items, or
for infringement of patents or other rights of third parties. Cirrus Logic, Cirrus, the Cirrus Logic logo design, and SoundClear are among the trademarks of Cirrus
Logic. Other brand and product names may be trademarks or service marks of their respective owners.

Copyright © 2023-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd. All rights reserved.
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