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Table 27.  Output Supply Current (Output Configured as Differential)[a][b][c]

Symbol Parameter Test Condition

SWING[d] = 00 SWING = 01 SWING = 10 SWING = 11 Units

Typ. Max. Typ. Max. Typ. Max. Typ. Max.

IDDO_Qx
[e] Qx / nQx Supply 

Current[f]

VDDO_Qx
[g] = 3.465V 15 22 17 24 19 26 20 26 mA

VDDO_Qx = 2.625V 14 20 16 21 18 22 19 23 mA

VDDO_Qx = 1.89V 14 19 15 20 16 21 16 21 mA

[a] Output current consumption is not affected by any of the core device power supply voltage levels.
[b] Internal dynamic switching current at maximum fOUT is included.
[c] VDDO_Qx = 3.3V±5% or 2.5V±5% or 1.8V±5%, VSS = 0V, TA = -40°C to 85°C.
[d] Refers to the output voltage (swing) setting programed into device registers for each output.
[e] IDDO_Qx denotes the current consumed by each VDDO_Qx supply.
[f] Measured with outputs unloaded.
[g] For information on the signals referenced by this abbreviation, see Table 23.

Table 28.  Output Supply Current (Output Configured as LVCMOS)[a][b][c]

[a] Output current consumption is not affected by any of the core device power supply voltage levels.
[b] Internal dynamic switching current at maximum fOUT is included.
[c] VSS = 0V, TA = -40°C to 85°C

Symbol Parameter Test Condition

TERM[d] = 00

[d] Refers to the LVCMOS output drive strength (termination) setting programed into device registers for each output.

TERM = 01 TERM = 10 TERM = 11 Units

Typ. Max. Typ. Max. Typ. Max. Typ. Max.

IDDO_Qx
[e]

[e] IDDO_Qx denotes the current consumed by each VDDO_Qx supply.

Qx, nQx Supply 
Current[f]

Qx and nQx Both 
Enabled

[f] Measured with outputs unloaded.

VDDO_Qx
[g] = 3.465V

[g] For information on the signals referenced by this abbreviation, see Table 23.

24 32 25 35 25 37 25 39

mA

VDDO_Qx = 2.625V 18 25 19 27 19 29 20 30

VDDO_Qx = 1.89V 12 20 14 21 15 22 15 23

VDDO_Qx = 1.575V 9 17 11 18 11 19 12 20

VDDO_Qx = 1.26V 6 13 6 13 6 14 6 14

Qx, nQx Supply 
Current[h]

Qx enabled and nQx 
Tri-stated 

[h] Measured with outputs unloaded. 

VDDO_Qx = 3.465V 14 23 14 24 14 25 14 26

mA

VDDO_Qx = 2.625V 11 19 11 20 11 20 11 21

VDDO_Qx = 1.89V 9 16 10 17 10 17 10 18

VDDO_Qx = 1.575V 8 15 8 16 9 16 9 16

VDDO_Qx = 1.26V 5 12 5 12 5 12 5 12
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DC Electrical Characteristics
Table 29.  LVCMOS/LVTTL DC Characteristics[a][b][c][d][e]

[a] VIL should not be less than -0.3V.

Symbol Parameter Test Condition Minimum Typical Maximum Units

VIH
Input High 

Voltage

nMR, nTEST, GPIO[9,5:0], 
SCLK, SDIO, SDI_A1, 

CS_A0
VDD_GPIO_FOD = 1.8V+5% 0.65 x VDD_GPIO_FOD

VDD_GPIO_FOD
+ 0.3 V

VIH
Input High 

Voltage XO_DPLL
VDD_DIG = 1.8V±5% 1.17 3.465V V

VDD_DIG = 1.2V±5% 1.17 3.465V V

VIH
Input High 

Voltage CLK[4:0], nCLK[4:0][e]
VDD_CLK = 3.3V+5% 2 VDD_CLK + 0.3 V

VDD_CLK = 2.5V+5% 1.7 VDD_CLK + 0.3 V

VDD_CLK = 1.8V+5% 0.65 × VDD_CLK VDD_CLK + 0.3 V

VIL
Input Low 
Voltage

nMR, nTEST, GPIO[9,5:0], 
SCLK, SDIO, SDI_A1, 

CS_A0
VDD_GPIO_FOD = 1.8V+5% -0.3 0.35 x 

VDD_GPIO_FOD
V

VIL
Input Low 
Voltage XO_DPLL

VDD_DIG = 1.8V±5% -0.3 0.35 x VDD_DIG V
VDD_DIG = 1.2V±5% -0.3 0.35 x VDD_DIG

VIL
Input Low 
Voltage CLK[4:0], nCLK[4:0][e]

VDD_CLK = 3.3V+5% -0.3 0.8

VVDD_CLK = 2.5V+5% -0.3 0.7

VDD_CLK = 1.8V+5% -0.3 0.35 × VDD_CLK

IIH
Input High 

Current

nMR, nTEST, GPIO[9,5:0], 
SCLK, SDIO, SDI_A1, 

CS_A0

VIN = VDD_GPIO_FOD = 
VDD_GPIO_FOD (max) 5 µA

IIH
Input High 

Current XO_DPLL VIN = 3.465V,
VDD_DIG = VDD_DIG (max) 150 µA

IIH
Input High 

Current
CLK[4:0] VIN = VDD_CLK = VDD_CLK 

(max)
150

µA
nCLK[4:0] 5

IIL
Input 
Low 

Current

nMR, nTEST, GPIO[9,5:0], 
SCLK, SDIO, SDI_A1, 

CS_A0

VIN = 0V,
VDD_GPIO_FOD = 

VDD_GPIO_FOD (max)
-150 µA

IIL
Input 
Low 

Current
XO_DPLL VIN = 0V,

VDD_DIG = VDD_DIG (max) -5 µA

IIL
Input Low 
Current

CLK[4:0] VIN = 0V, 
VDD_CLK = VDD_CLK (max)

-5
µA

nCLK[4:0] -150

VOH

Output 
High 

Voltage
GPIO[9,5:0], SCLK, SDIO,

VDD_GPIO_FOD = 1.8V+5%, 
IOH = -100µA

VDD_GPIO_FOD
- 0.2

V
VDD_GPIO_FOD = 1.8V+5%, 

IOH = -2mA
VDD_GPIO_FOD

- 0.45

VOL

Output 
Low 

Voltage
GPIO[9,5:0], SCLK, SDIO,

VDD_GPIO_FOD = 1.8V+5%, 
IOL = 100µA 0.2

V
VDD_GPIO_FOD = 1.8V+5%, 

IOL = 2mA 0.45
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[b] 3.3V characteristics in accordance with JESD8C-01,
2.5V characteristics in accordance with JESD8-5A.01,
1.8V characteristics in accordance with JESD8-7A,
1.5V characteristics in accordance with JESD8-11A.01,
1.2V characteristics in accordance with JESD8-12A.01

[c] VSS = 0V, TA = -40°C to 85°C. 
[d] When Output Q are configured as LVCMOS, their output characteristics are specified in Table 35.
[e] Input pair used as two single-ended clocks rather than as a differential clock. 

Table 30.  Low-swing Mode Single-ended Input DC Characteristics[a][b][c][d][e]

[a] VIL should not be less than -0.3V. 
[b] VIH should not be higher than VDD_CLK. 
[c] VSS = 0V, TA =-40°C to 85°C.
[d] Input pair used as two single-ended clocks rather than a differential clock. 
[e] Input must be AC coupled. 

Symbol Parameter Test Condition Minimum Typical Maximum Units

VPP Peak-to-Peak Voltage 0.15 1.3 V
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Table 31.  Differential Input DC Characteristics[a]

Symbol Parameter Test Condition Minimum Typical Maximum Units

IIH Input High Current
CLK[4:0]

VIN = VDD_CLK = VDD_CLK (max)
150

µA
nCLK[4:0] 5

IIL Input Low Current
CLK[4:0] VIN = 0V, 

VDD_CLK = VDD_CLK (max)
-5

µA
nCLK[4:0] -150

VPP Peak-to-Peak Voltage[b][c] Any input protocol 0.15 1.3 V

VCMR
Common Mode 

Input Voltage[b][d]
CLK[4:0], 
nCLK[4:0]

Input protocol = HCSL, HSTL, 
SSTL 0.1 VDD_CLK - 1.2

V
Input protocol = LVDS, LVPECL, 
CML 0.7 VDD_CLK

[a] VSS = 0V, TA = -40°C to 85°C.
[b] VIL should not be less than -0.3V. 
[c] VPP is the single-ended amplitude of the output signal. The differential specs is 2*VPP.
[d] Common mode voltage is defined as the cross-point.

Table 32.  Differential Output DC Characteristics (VDDO_Qx = 3.3V+5%, VSS = 0V, TA = -40°C to 85°C)[a][b][c][d]

[a] For information on the signals referenced by this abbreviation, see Table 23.
[b] Terminated with 100Ω across Qx and nQx.
[c] If LVDS operation is desired, the user should select SWING = 00 and CENTER = 001 or 010. 
[d] If LVPECL operation is desired, the user should select SWING = 10 and CENTER = 101 or 110 for 3.3V LVPECL, and SWING = 10 and 

CENTER = 001 or 010 for 2.5V LVPECL operation. 

Symbol Parameter Test Condition Minimum Typical Maximum Units

VOVS
[e]

[e] VOVS is the single-ended amplitude of the output signal. The differential specs is 2*VOVS.

Output 
Voltage Swing Output Q[a]

SWING = 00[f]

[f] Refers to the differential voltage swing setting programed into device registers for each output.

336 402 462

mV
SWING = 01 478 605 698
SWING = 10 658 791 910
SWING = 11 739 870 997

VCMR
[g]

[g] Not all VCMR selections can be supported with particular VDDO_Qx and VOVS settings. For information on which combinations are supported, see 
Table 16. 

Output 
Common 

Mode Voltage
Output Q[a]

CENTER = 000[h]

[h] Refers to the differential voltage crossing point (center voltage) setting programed into device registers for each output.

0.86 0.95 1.07

V

CENTER = 001 0.98 1.14 1.28
CENTER = 010 1.13 1.33 1.51
CENTER = 011 1.30 1.53 1.73
CENTER = 100 1.46 1.73 1.95
CENTER = 101 1.63 1.93 2.17
CENTER = 110 1.80 2.12 2.39
CENTER = 111 1.96 2.30 2.59
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Table 33.  Differential Output DC Characteristics (VDDO_Qx = 2.5V+5%, VSS = 0V, TA = -40°C to 85°C)[a][b][c][d]

Symbol Parameter Test Condition Minimum Typical Maximum Units

VOVS
[e] Output 

Voltage Swing Output Q[a]

SWING = 00[f] 295 393 448

mV
SWING = 01 457 591 677

SWING = 10 587 761 881

SWING = 11 733 835 943

VCMR
[g]

Output 
Common 

Mode Voltage
Output Q[a]

CENTER = 000[h] 0.85 0.93 1.03

V

CENTER = 001 0.94 1.10 1.23

CENTER = 010 1.09 1.28 1.44

CENTER = 011 1.24 1.46 1.65

CENTER = 100 1.39 1.65 1.86

CENTER = 101

Not SupportedCENTER = 110

CENTER = 111

[a] For information on the signals referenced by this abbreviation, see Table 23. 
[b] Terminated with 100Ω across Qx and nQx.
[c] If LVDS operation is desired, the user should select SWING = 00 and CENTER = 001 or 010. 
[d] If LVPECL operation is desired, the user should select SWING = 10 and CENTER = 001 or 010 for 2.5V LVPECL operation. For VDDO = 2.5V, 

3.3V LVPECL levels cannot be generated. 
[e] VOVS is the single-ended amplitude of the output signal. The differential specs is 2*VOVS.
[f] Refers to the differential voltage swing setting programed into device registers for each output.
[g] Not all VCMR selections can be supported with particular VDDO_Qx and VOVS settings. For information on which combinations are supported, see 

Table 16. 
[h] Refers to the differential voltage crossing point (center voltage) setting programed into device registers for each output.
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Table 34.  Differential Output DC Characteristics (VDDO_Qx = 1.8V+5%, VSS = 0V, TA = -40°C to 85°C)[a][b][c]

Symbol Parameter Test Condition Minimum Typical Maximum Units

VOVS
[d] Output 

Voltage Swing Output Q[a]

SWING = 00[e] 299 411 485

mV
SWING = 01 470 586 700

SWING = 10 582 713 852

SWING = 11 612 750 899

VCMR
[f]

Output 
Common 

Mode Voltage
Output Q[a]

CENTER = 000[g] 0.84 0.91 0.99

V

CENTER = 001 0.91 1.05 1.18

CENTER = 010 1.05 1.21 1.36

CENTER = 011

Not Supported

CENTER = 100

CENTER = 101

CENTER = 110

CENTER = 111

[a] For information on the signals referenced by this abbreviation, see Table 23. 
[b] Terminated with 100Ω across Qx and nQx.
[c] If LVDS operation is desired, the user should select SWING = 00 and CENTER = 010.
[d] VOVS is the single-ended amplitude of the output signal. The differential specs is 2*VOVS.
[e] Refers to the differential voltage swing setting programed into device registers for each output.
[f] Not all VCMR selections can be supported with particular VDDO_Qx and VOVS settings. For information on which combinations are supported, see 

Table 16. 
[g] Refers to the differential voltage crossing point (center voltage) setting programed into device registers for each output.
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Table 35.  LVCMOS Clock Output DC Characteristics[a][b]

Symbol Parameter
Test 

Condition

TERM[c] = 00 TERM = 01 TERM = 10 TERM = 11

UnitsMin.
Typ

. Max. Min.
Typ

. Max. Min.
Typ

. Max. Min.
Typ

. Max.

VOH

Output 
High 

Voltage

VDDO_Qx = 
3.3V±5%

0.74 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

V

VDDO_Qx = 
2.5V±5%

0.70 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

VDDO_Qx = 
1.8V±5%

0.65 × 
VDDO_

Qx

0.71 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

0.75 × 
VDDO_

Qx

VDDO_Qx = 
1.5V±5%

0.61 × 
VDDO_

Qx

0.66 × 
VDDO_

Qx

0.70 × 
VDDO_

Qx

0.72 × 
VDDO_

Qx

VDDO_Qx = 
1.2V±5%

0.56 × 
VDDO_

Qx

0.59 × 
VDDO_

Qx

0.63 × 
VDDO_

Qx

0.66 × 
VDDO_

Qx

VOL

Output 
Low 

Voltage

VDDO_Qx = 
3.3V±5%

0.29 × 
VDDO_

Qx

0.25 × 
VDDO_

Qx

0.25 × 
VDDO_

Qx

0.25 × 
VDDO_

Qx

V

VDDO_Qx = 
2.5V±5%

0.32 × 
VDDO_

Qx

0.27 × 
VDDO_

Qx

0.25 × 
VDDO_

Qx

0.25 × 
VDDO_

Qx

VDDO_Qx = 
1.8V±5%

0.39 × 
VDDO_

Qx

0.33 × 
VDDO_

Qx

0.30 × 
VDDO_

Qx

0.26 × 
VDDO_

Qx

VDDO_Qx = 
1.5V±5%

0.44 × 
VDDO_

Qx

0.38 × 
VDDO_

Qx

0.35 × 
VDDO_

Qx

0.31 × 
VDDO_

Qx

VDDO_Qx = 
1.2V±5%

0.50 × 
VDDO_

Qx

0.46 × 
VDDO_

Qx

0.42 × 
VDDO_

Qx

0.38 × 
VDDO_

Qx

ZOUT
Output 

Impedance

VDDO_Qx = 
3.3V+5% 35 25 21 18

Ω

VDDO_Qx = 
2.5V+5% 31 23 20 17

VDDO_Qx = 
1.8V+5% 42 31 25 21

VDDO_Qx = 
1.5V+5% 71 47 35 29

VDDO_Qx = 
1.2V+5% 101 86 66 49

[a] VSS = 0V, TA = -40°C to 85°C.
[b] VDDO_Qx is used to refer to the appropriate VDDO_Qx power supply voltage for each output. For more information, see Table 23 and the “Pin 

Description” table.
[c] This refers to the register settings for the LVCMOS output drive strength within the device. 
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Table 36.  Input Frequency Characteristics[a]

Symbol Parameter Test Condition Minimum Typical Maximum Units

fIN Input Frequency

OSCI, OSCO

Using a Crystal[b] 25 54

MHz

Over-driving Crystal Input
Doubler Logic Enabled[c] 25 62.5

Over-driving Crystal Input
Doubler Logic Disabled 50 125

Input CLK[d][e] Differential Mode 0.0000005 1000

Single-ended Mode 0.0000005 250

GPIO Used as Clock Input 0.0000005 150

fIN Input Frequency XO_DPLL 1 150[f] MHz

fSCLK

Serial Port Clock 
SCLK

(slave mode)

I2C Operation 100 1200 kHz

SPI Operation 0.01 50 MHz

[a] VSS = 0V, TA = -40°C to 85°C
[b] For crystal characteristics, see Table 37.
[c] Refer to Overdriving the XTAL Interface.
[d] For information on the signals referenced by this abbreviation, see Table 23.
[e] For proper device operation, the input frequency must be divided down to 150MHz or less (DPLL Phase Detector maximum frequency = 150MHz).
[f] If the System DPLL needs to be driven with a higher frequency, one of the CLKx / nCLKx inputs can be routed via register settings to the System 

DPLL instead of using XO_DPLL.

Table 37.  Crystal Characteristics[a]

[a] VSS = 0V, TA = -40°C to 85°C

Parameter Test Condition Minimum Typical Maximum Units

Mode of Oscillation Fundamental

Frequency 25 54 MHz

Equivalent Series Resistance (ESR)

CL= 18pF, crystal frequency < 40MHz 50

ΩCL= 18pF, crystal frequency > 40MHz 25

CL= 12pF 50

Load Capacitance (CL) 8 12 pF

Crystal Drive Level 250 µW
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AC Electrical Characteristics 
Table 38.  AC Characteristics[a][b]

Symbol Parameter Test Condition Minimum Typical Maximum Units

fVCO
Analog PLL VCO Operating 
Frequency

VDDA_X
[c] = 3.3V ±5% 13.4 13.8

GHz
VDDA_X

[c] = 2.5V ±5% 13.5 13.9

fFOD
Fractional Output Divider 
Operating Frequency Measured with output divider set to /1 500 1000 MHz

fOUT
Output 
Frequency

Differential 
Output 0.0000005 1000

MHz
LVCMOS 
Output 0.0000005 250

fOUT
Output Frequency 
Accuracy[d] 0 ppb

Initial Frequency Offset[e] Switchover or Entering Holdover State 1 ppb

Output Phase Change in 
Fully Hitless Switching[f]

Input references with phase difference < 100µs 350
ps

Input references with phase difference ≥ 100µs 1000

tSK Output-to-Output Skew[g][h]

Any two differential outputs[i]

VDDO_Qx = 3.3V ±5%

65 150

ps

VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

Any two outputs configured as LVCMOS 
in-phase[j]

VDDO_Qx = 3.3V ±5%

100 255VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

VDDO_Qx = 1.5V ±5%[k]

VDDO_Qx = 1.2V ±5%[k]

Q to nQ of same output pair, configured 
as LVCMOS, in-phase[j]

VDDO_Qx = 3.3V ±5% 20 90

VDDO_Qx = 2.5V ±5%
20 130

VDDO_Qx = 1.8V ±5%

VDDO_Qx = 1.5V ±5%[k]

VDDO_Qx = 1.2V ±5%[k]
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tSK(B)
Output-to-Output Skew 

within a Bank[l]

Bank 1: 
Q0/nQ0(FOD0) 
Q1/nQ1(FOD0) 
Q2/nQ2(FOD1, FOD5) 
Q3/nQ3(FOD5) 
Q8/nQ8(FOD5) 
Q9/nQ9(FOD5)

Differential[i]
VDDO_Qx = 3.3V ±5% 30 65

ps

VDDO_Qx = 2.5V ±5%
30 72

VDDO_Qx = 1.8V ±5%

LVCMOS[j]

VDDO_Qx = 3.3V ±5%

75 150VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

Bank 2: 
Q4/nQ4(FOD5) 
Q10/nQ10(FOD5)

Differential[i]
VDDO_Qx = 3.3V ±5%

22 50

ps

VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

LVCMOS[j][k]

VDDO_Qx = 3.3V ±5%

45 130VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

Bank 3: 
Q5/nQ5(FOD2, FOD3) 
Q6/nQ6(FOD2, FOD3) 
Q7/nQ7(FOD3, FOD7) 
Q11/nQ11(FOD7)

Differential[i]
VDDO_Qx = 3.3V ±5%

35 90

ps

VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5%

LVCMOS[j][k]

VDDO_Qx = 3.3V ±5%

55
130

VDDO_Qx = 2.5V ±5%

VDDO_Qx = 1.8V ±5% 160

tSK
Temperature Variation[m] 
Output-Output 4 ps/C

tALIGN
Temperature Variation[m] 
Input-Output 4 ps/C

tALIGN  Input - Output Alignment Variation[n][o]

Delay variation as shown in Figure 45 for 
any non-inverted CLK/nCLK input pair to 
any Q/nQ output pair in differential mode 
when using internal loopback.

-500 500

psDelay variation as shown in Figure 46 for 
any non-inverted PMOS CLK/nCLK input 
pair to any Q/nQ output pair in differential 
mode when used as external loopback.[p] 
[q]

-130 130

ITDCMA Input TDC Measurement Accuracy[r][s][t]

REF = CLK2/nCLK2, FB = CLK3/nCLK3, 
DPLL0. All other input clocks and DPLLs 
disabled.
10MHz differential signal applied to 
inputs CLK2/nCLK2 and CLK3/nCLK3. 
Fine phase measurements enabled. 

±20 ±90 ps

Table 38.  AC Characteristics[a][b] (Cont.)

Symbol Parameter Test Condition Minimum Typical Maximum Units
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tR / tF

Output
Rise and 

Fall Times
20% to 80%

Differential 
Output[u][v]

VDDO_Qx
[w] = 3.3V±5%, 2.5V±5% or 

1.8V±5%

SWING[x] = 00

100 450 ps
SWING = 01

SWING = 10

SWING = 11

LVCMOS 
Output[y]

VDDO_Qx = 3.3V±5%

TERM[z] = 00 100 254 380

ps
TERM = 01 100 262 400

TERM = 10 110 275 460

TERM = 11 115 268 510

VDDO_Qx = 2.5V±5%

TERM = 00 115 285 405

ps
TERM = 01 120 293 470

TERM = 10 120 315 525

TERM = 11 140 347 565

VDDO_Qx = 1.8V±5%

TERM = 00 205 417 590

ps
TERM = 01 205 458 715

TERM = 10 230 459 800

TERM = 11 235 482 880

VDDO_Qx = 1.5V±5%[aa]

TERM = 00 415 558 730

ps
TERM = 01 545 747 985

TERM = 10 615 890 1145

TERM = 11 690 1011 1305

VDDO_Qx = 1.2V±5%[aa]

TERM = 00 800 986 1250

ps
TERM = 01 1180 1416 1835

TERM = 10 1415 1715 2195

TERM = 11 1650 1980 2520

Table 38.  AC Characteristics[a][b] (Cont.)

Symbol Parameter Test Condition Minimum Typical Maximum Units
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odc Output Duty 
Cycle

Differential 
Output PULSE = 50%

fOUT < 500MHz 47 50 53 %

500MHz ≤ fOUT < 
800MHz 45 50 55 %

fOUT ≥ 800MHz 40 50 60 %

LVCMOS PULSE = 50%

VDDO_Qx = 3.3V or 2.5V 47 50 53

%VDDO_Qx = 1.8V or 1.5V 45 50 55

VDDO_Qx = 1.2V 42 50 58

Any Output 
Type 
Operating 
as a Frame 
or Sync 
Pulse

PULSE = Sync Pulse, 100ns 100 ns

PULSE = Sync Pulse, 1s 1 s

PULSE = Sync Pulse, 10s 10 s

PULSE = Sync Pulse, 100s 200 s

PULSE = Sync Pulse, 1ms 2 ms

PULSE = Sync Pulse, 10ms 10 ms

PULSE = Sync Pulse, 100ms 100 ms

PULSE = Frame Pulse, 0.2UI 0.2 UI

PULSE = Frame Pulse, 1UI 1 UI

PULSE = Frame Pulse, 2UI 2 UI

SSB(100)

Single 
Sideband 

Phase 
Noise[ab]

100Hz

122.88MHz Output
DPLL Loop BW = 25Hz

-115

dBc/H
z

SSB(1k) 1kHz -129

SSB(10k) 10kHz -137

SSB(100k) 100kHz -145

SSB(1M) 1MHz -153

SSB(10M) 10MHz -156

SSB(30M) > 30MHz -158

tLOCK 1PPS Locking Time 17mHz loop bandwidth, phase and frequency snap enabled 20 S

tSTARTUP
Start-up 
Time[ac]

Regulators 
Ready[ad] 3 s

Internal OTP 
Start-up

Synthesizer mode 7 10 ms

DPLL mode, with a loop bandwidth setting of 300Hz[ae] 1.5 s

PSNR Power Supply Noise 
Rejection[af][ag][ah][ai]

VDDA_LC_BG
50mVpp -85

dBc

100mVpp -80

VDDA_PDCP_XTAL
50mVpp -75

100mVpp -70

VDDO_Qx
50mVpp -70

100mVpp -70

PW Pulse Width[aj] Input CLK

Differential Mode 0.45

ns
Single-ended Mode 1.6

Single-ended LVDS 2.66

GPIO Used as Clock Input 2.66

[a] VSS = 0V, TA = -40°C to 85°C.

Table 38.  AC Characteristics[a][b] (Cont.)

Symbol Parameter Test Condition Minimum Typical Maximum Units
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[b] Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test socket 
with maintained transverse airflow greater than 500lfpm. The device will meet specifications after thermal equilibrium has been reached under these conditions.

[c] VDDA_X refers to VDDA_PDCP, VDDA_XTAL, VDDA_LC, and VDDA_BG.
[d] Long-term frequency error with respect to the DPLL input reference. The typical value shown assumes the DPLL has been phase-locked to a stable input reference 

for at least 306 minutes (based on a 0.1mHz advanced holdover filter setting) before going into an advanced holdover state on disqualification of the input 
reference. 

[e] This parameter will vary with the quality of the reference to the system DPLL. The typical value shown assumes an ideal reference used for the system DPLL. 
[f] This parameter will vary with the quality of the TDC and system DPLL references. The typical value shown assumes an ideal reference is used as input to the TDC 

and system DPLL. 
[g] Defined as the time between the rising edges of two outputs of the same frequency, configuration, loading, and supply voltage
[h] This parameter is defined in accordance with JEDEC Standard 65.
[i] Measured at the differential cross points. 
[j] Measured at VDDO_Qx / 2.
[k] Using LVCMOS with VDDO_Qx = 1.5V or 1.2V will result in much larger skews and is not recommended for skew-sensitive applications. 
[l] For this device, banks are defined as a list of outputs driven by specific FODs. Results do not apply if the output is driven by a different FOD. 
[m] This parameter is measured across the full operating temperature range and the difference between the slowest and fastest numbers is the variation.
[n] Measured from the differential cross point of the input to the differential cross point of the associated output after device is locked and input is stable. Measured 

using integer-related input and output frequencies.
[o] Measured with the channel in DPLL mode. 
[p] Characterized using input and output signals with swing = 0.9V, common mode voltage = 0.9V with respect to GND, and matching edge rates. 
[q] Characterized using input and output signals with swing = 0.410V, common mode voltage = 1.3V with respect to GND (LVDS signals), and matching edge rates. 
[r] Characterized over offset between REF and FB signals in the range of -20ns to 20ns.
[s] Characterized using BGA-144 package devices. 
[t] The typical specification applies for all combinations of DPLLs and REF and FB differential pairs. 
[u] Rise and fall times on differential outputs are independent of the power supply voltage on the output. 
[v] Measured with outputs terminated with 50Ω to GND. 
[w] For information on the signals referenced by this abbreviation, see Table 23.
[x] Refers to the differential voltage swing setting programed into device registers for each output.
[y] Measured with outputs terminated with 50Ω to VDDO_Qx / 2.
[z] Refers to the LVCMOS output drive strength (termination) setting programed into device registers for each output.
[aa]This parameter has been characterized with FOUT = 50MHz. 
[ab]Phase noise measured using an SMA100A as the input source, for TA = -40°C to 85°C. Close-in phase noise performance will depend on the input source.
[ac]Measured from the rising edge of nMR after all power supplies have reached > 80% of nominal voltage to the first stable clock edge on the output. A stable clock 

is defined as one generated from a locked analog or digital PLL (as appropriate for the configuration listed) with no further perturbations in frequency expected. 
[ad]At power-up, the nMR signal must be asserted for at least this period of time.
[ae]Start-up time will depend on the actual configuration used. For more information on estimating start-up time, please contact Renesas technical support. 
[af] Noise spur amplitude measured relative to 156.25MHz carrier. 
[ag] Typical PSNR values specified over the modulation frequency range of 10kHz to 1MHz.
[ah] Injected as sinusoidal noise to the specified power rail only.
[ai]  0.1uF capacitor placed on modulated power rail.
[aj] For proper device operation, the input frequency must be divided down to 150MHz or less (DPLL Phase Detector maximum frequency = 150MHz). 
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Figure 45.  Input-Output Delay

Figure 46.  Input-Output Delay with External Feedback

CLKx

Qy

a

-b +b

a = Fixed delay
b = Delay variation

CLKx

Qy

a = Trace delay from Qy to the CLK input used for external feedback
b = Delay variation

a

-b +b



88©2023 Renesas Electronics Corporation June 2, 2023

RC38612 Datasheet

Applications Information

Recommendations for Unused Input and Output Pins

Inputs

CLKx / nCLKx Input

For applications that do not require the use of the reference clock input, both CLK and nCLK should be left floating. If the CLK/nCLK input 
is connected but not used by the device, it is recommended that CLK and nCLK not be driven with active signals. 

LVCMOS Control Pins

LVCMOS control pins have internal pull-ups; additional resistance is not required but can be added for additional protection. A 1k 
resistor can be used. 

Outputs

LVCMOS Outputs

Any LVCMOS output can be left floating if unused. There should be no trace attached. The mode of the output buffer should be set to 
tri-stated to avoid any noise being generated. 

Differential Outputs

All unused differential outputs can be left floating. Renesas recommends that there is no trace attached. Both sides of the differential 
output pair should either be left floating or terminated. 

Power Connections
The power connections of the RC38612 can be grouped as shown if all members of the groups are using the same voltage level:
▪ VDD_DIG, VDD_CLK
▪ VDDA_PDCP_XTAL
▪ VDDA_FB
▪ VDDA_BG_LCVDD_GPIO_FOD, VDDA_DIA_FOD_A, VDDA_DIA_FOD_B (combining these is a possible source of coupling between frequency 

domains; should remain separate unless all outputs are in the same frequency domain)
▪ VDDO_Qn (can share supplies if output frequencies are the same, otherwise keep separated to avoid spur coupling)

• If all outputs Qn/nQn associated with any particular VDDO_Qn pin are not used, the power pin can be left floating

Clock Input Interface
The RC38612 accepts both single-ended and differential inputs. For information on input terminations, see Quick Guide - Output 
Terminations (AN-953) located on the RC38612 product page. 

If you have additional questions on input types not covered in the application discussion, or if you require information about register 
programming sequences for changing the differential inputs to accept LVCMOS inputs levels, see Termination - AC Coupling Clock 
Receivers (AN-844) or contact Renesas technical support. 
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Overdriving the XTAL Interface
The OSCI input can be overdriven by an LVCMOS driver or by one side of a differential driver through an AC coupling capacitor. The 
OSCI input is internally biased at 1V. The OSCO pin can be left floating. The amplitude of the input signal should be between 500mV and 
1.8V and the slew rate should not be less than 0.2V/ns. For 1.8V LVCMOS, inputs can be DC-coupled into the device as shown in 
Figure 47. For 3.3V LVCMOS inputs, the amplitude must be reduced from full swing to at least half the swing in order to prevent signal 
interference with the power rail and to reduce internal noise. For limits on the frequency that can be used, see Table 36. 

Figure 47.  1.8V LVCMOS Driver to XTAL Input Interface

Figure 48 shows an example of the interface diagram for a high-speed 3.3V LVCMOS driver. This configuration requires that the sum of 
the output impedance of the driver (Ro) and the series resistance (Rs) equals the transmission line impedance. In addition, matched 
termination at the crystal input will attenuate the signal in half. This can be done in one of two ways. First, R1 and R2 in parallel should 
equal the transmission line impedance. For most 50Ω applications, R1 and R2 can be 100Ω. This can also be accomplished by removing 
R1 and changing R2 to 50Ω. The values of the resistors can be increased to reduce the loading for a slower and weaker LVCMOS driver. 

Figure 48.  LVCMOS Driver to XTAL Input Interface

Figure 49 shows an example of the interface diagram for an LVPECL driver. This is a standard LVPECL termination with one side of the 
driver feeding the XTAL_IN input. It is recommended that all components in the schematics be placed in the layout. Though some 
components may not be used, they can be utilized for debugging purposes. The datasheet specifications are characterized and 
guaranteed by using a quartz crystal as the input. 

LVCMOS_Driver

Zo = 50ΩRS

Zo = Ro + Rs

Ro

OSCO

OSCI

LVCMOS_Driver

Zo = 50ΩRS

Zo = Ro + Rs

Ro

R2
100

R1
100

VCC OSCO

OSCI

C1

0.1μF
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Figure 49.  LVPECL Driver to XTAL Input Interface

Wiring the Differential Input to Accept Single-Ended Levels
For information, see the Differential Input to Accept Single-ended Levels Application Note (AN-836). 

Differential Output Termination
For all types of differential protocols, the same termination schemes are recommended (see Figure 50 and Figure 51). These schemes 
are the same as normally used for an LVDS output type. 

The recommended value for the termination impedance (ZT) is between 90Ω and 132Ω. The actual value should be selected to match 
the differential impedance (ZDiff) of your transmission line. A typical point-to-point LVDS design uses a 100Ω parallel resistor at the 
receiver and a 100Ω differential transmission-line environment. To avoid any transmission-line reflection issues, the components should 
be surface-mounted and must be placed as close to the receiver as possible. 

Figure 50.  Standard LVDS Termination

LVPECL_Driver

Zo = 50Ω

R2
50

R3
50
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0.1μF

OSCO

OSCI

Zo = 50Ω

R1
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100Ω
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Transmission Line

ZO ~50Ω

ZO ~50Ω

+

-
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Figure 51.  AC Coupled LVDS Termination

For alternate termination schemes, see “LVDS Termination” in Quick Guide - Output Terminations (AN-953) located on the device 
product page, or contact Renesas for support. 

Crystal Recommendation
For the latest vendor / frequency recommendations, please contact Renesas. 

External I2C Serial EEPROM Recommendation
An external I2C EEPROM can be used to store configuration data or to contain device update data. Renesas has validated and 
recommends the use of the Microchip 24FC1025 or OnSemi CAT24M01 1Mbit EEPROM. Note: The EEPROM must have a 1Mbit 
capacity. 

Schematic and Layout Information
The RC38612 requires external load capacitors to ensure the crystal will resonate at the proper frequency. For RC38612 recommended 
values for external tuning capacitors, see Table 39. 

Power Considerations
For power and current consumption calculations, refer to Renesas’ Timing Commander tool. 

Table 39.  Recommended Tuning Capacitors for Crystal Input

Crystal Nominal CL Value (pF)

Recommended Tuning Capacitor Value (pF)[a]

[a] Recommendations are based on 4pF stray capacitance on each leg of the crystal. Adjust according to 
the PCB capacitance. 

OSCI Capacitor (pF) OSCO Capacitor (pF)

8 2.7 2.7

10 13 3.3

12 27 3.3

18[b]

[b] This will tune the crystal to a CL of 12pF, which is fine when channels are running in jitter attenuator 
mode or referenced to an XO. It will present a positive ppm offset for channels running exclusively in 
Synthesizer mode and referenced only to the crystal. 

27 3.3
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VFQFPN EPAD Thermal Release Path
In order to maximize both the removal of heat from the package and the electrical performance, a land pattern must be incorporated on 
the Printed Circuit Board (PCB) within the footprint of the package corresponding to the exposed metal pad or exposed heat slug on the 
package, as shown in Figure 52. The solderable area on the PCB, as defined by the solder mask, should be at least the same size/shape 
as the exposed pad/slug area on the package to maximize the thermal/electrical performance. Sufficient clearance should be designed 
on the PCB between the outer edges of the land pattern and the inner edges of pad pattern for the leads to avoid any shorts. 

While the land pattern on the PCB provides a means of heat transfer and electrical grounding from the package to the board through a 
solder joint, thermal vias are necessary to effectively conduct from the surface of the PCB to the ground plane(s). The land pattern must 
be connected to ground through these vias. The vias act as “heat pipes”. The number of vias (i.e. “heat pipes”) are application specific 
and dependent upon the package power dissipation as well as electrical conductivity requirements. Thus, thermal and electrical analysis 
and/or testing are recommended to determine the minimum number needed. 

Maximum thermal and electrical performance is achieved when an array of vias is incorporated in the land pattern. It is recommended to 
use as many vias connected to ground as possible. It is also recommended that the via diameter should be 12 to 13mils (0.30 to 0.33mm) 
with 1oz copper via barrel plating. This is desirable to avoid any solder wicking inside the via during the soldering process which may 
result in voids in solder between the exposed pad/slug and the thermal land. Precautions should be taken to eliminate any solder voids 
between the exposed heat slug and the land pattern. Note: These recommendations are to be used as a guideline only. For further 
information, please refer to the Application Note on the Surface Mount Assembly of Amkor’s Thermally/ Electrically Enhance Lead frame 
Base Package, Amkor Technology. 

Figure 52.  P.C. Assembly for Exposed Pad Thermal Release Path – Side View (Drawing not to Scale)

Thermal Characteristics 

Table 40.  Thermal Characteristics

Symbol Parameter Value Units

θJA Theta JA. Junction to Ambient Air Thermal Coefficient[a][b]

[a] Multi-Layer PCB with 2 ground and 2 voltage planes.
[b] Assumes ePAD is connected to a ground plane using a grid of 9x9 thermal vias.

0 m/s air flow 13.71 °C/W

1 m/s air flow 10.67 °C/W

2 m/s air flow 9.46 °C/W

θJB Theta JB. Junction to Board Thermal Coefficient[a] 0.702 °C/W

θJC Theta JC. Junction to Device Case Thermal Coefficient[a] 12.87 °C/W

- Moisture Sensitivity Rating (Per J-STD-020) 3

SOLDERSOLDER PINPIN EXPOSED HEAT SLUG

PIN PAD PIN PADGROUND PLANE LAND PATTERN
(GROUND PAD)THERMAL VIA
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Package Outline Drawings
The package outline drawings are located at the end of this document and are accessible from the Renesas website. The package 
information is the most current data available and is subject to change without revision of this document. 

Marking Diagram

Ordering Information
Table 41.  Ordering Information

Orderable Part Number Package MSL Rating Shipping Packaging Temperature

RC38612AdddGN2#BB0[a]

[a] Replace “ddd” with the desired pre-programmed configuration code provided by Renesas in response to a custom configuration request or use 
“000” for unprogrammed parts.

10 × 10 × 0.9 mm, 72-VFQFPN 3 Tray -40° to +85°C

RC38612AdddGN2#HB0[a] 10 × 10 × 0.9 mm, 72-VFQFPN 3
Tape and Reel, Pin 1

Orientation: EIA-481-C
-40° to +85°C

RC38612AdddGN2#KB0[a] 10 × 10 × 0.9 mm, 72-VFQFPN 3
Tape and Reel, Pin 1

Orientation: EIA-481-D
-40° to +85°C

1. Line 1 indicates the manufacturer. 
2. Lines 2 and 3 indicate the part number. 

▪ “000” is the configuration code, which may differ for a device with a different 
ordering code.

3. Line 4 indicates the following: 
▪ “#” denotes stepping. 
▪ “YY” is the last two digits of the year; “WW” is the work week number when the part 

was assembled.
▪ “$” denotes the mark code.

https://www.renesas.com/us/en/document/psc/72-vfqfpn-package-outline-drawing-100-x-100-x-090-mm-body-epad-770-x-770-mm-050mm-pitch-nlg72p4
https://www.renesas.com/us/en/document/psc/72-vfqfpn-package-outline-drawing-100-x-100-x-090-mm-body-epad-770-x-770-mm-050mm-pitch-nlg72p4
https://www.renesas.com/us/en/document/psc/72-vfqfpn-package-outline-drawing-100-x-100-x-090-mm-body-epad-770-x-770-mm-050mm-pitch-nlg72p4
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Product Identification

Table 42.  Pin 1 Orientation in Tape and Reel Packaging

Pin 1 Orientation Illustration

Quadrant 1 (EIA-481-C)

Quadrant 2 (EIA-481-D)

Table 43.  Product Identification

Part Number JTAG ID Product ID

RC38612 0x64A 0x8612
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Glossary

Term Definition

1PPS One Pulse Per Second.

eCLK Embedded clock.

eCSR Embedded CSR access. 

eDATA Embedded DATA channel.

ePP2S Embedded PP2S.

ePPS Embedded PPS. This describes a means to embed 1PPS on a clock using PWM. 

PPES Pulse per even second. 

ESEC Even Second pulse. PP2S and ESEC are used interchangeably or sometimes combined as PP2S/ESEC.

eSYNC Embedded SYNC pulse.

PP2S Pulse Per 2 Second. This represents a 0.5Hz pulse. 

PPS Pulse Per Second.

REF-SYNC Combination of high-speed clock (i.e., > 1MHz) and low-speed frame/sync pulse (i.e., < 8kHz). 

SCSR Standard Control / Status Register

ZDB Zero Delay Buffer

ZDPLL Zero Delay Phase Locked Loop
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Revision History

Revision Date Description of Change

June 2, 2023 Changed the minimum value of fSCLK (SPI operation) to 0.01MHz from 0.1MHz (see Table 36).

April 13, 2022 Updated the 8A3xxxx Family Programming Guide version reference to v5.3 (see Functional Description).

November 15, 2021 Removed footnote [b] from Table 25. 

February 9, 2021 Initial release. 


