Hi Everyone,
We are using MSP430F67751A for our application. In this we are giving clock using an External Clock using TCXO.
I wanted to calculate the exact Main Clock and Sub Main Clock. So I have used the following formulae from User Guide to calculate exact clock output from FLL.
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FLL frequency calculation:
	XT1CLK 

	SW CONFIGURATION BITS
	Value
	Comments

	XIN (Hz)
	32768
	 

	XT1BYPASS
	1
	 

	XT1OFF
	1
	 

	XT1DRIVE
	3
	 

	XCAP
	3
	 

	XTS
	0
	 

	 
	 
	 

	OUTPUTS
	 
	 

	XT1CLK (Hz) 
	32768
	 

	VLOCLK (Hz) (fVLO)
	9600
	from datasheet of MSP430

	REFOCLK (Hz) (fREFO)
	32768
	from datasheet of MSP430




	MCLK ,SMCLK, ACLK Calculation

	SW CONFIGURATION BITS
	Value
	Comments

	SELREF
	0
	It sets to XT1CLK

	FLLREFDIV
	0
	It divides by one

	FLLN
	488
	 

	FLLD
	1
	It divides Fdcoclk feedback by 2 and By default, D = 2, and
MCLK and SMCLK are sourced from DCOCLKDIV, providing a clock frequency DCOCLK/2.

	DCORSEL
	5
	 

	DISMOD
	0
	 

	SELA
	0
	ACLK= XT1CLK

	MCLKREQEN
	1
	SMCLK conditional requests are enabled.

	SELM
	4
	MCLK=DCOCLKDIV

	SELS
	4
	SMCLK=DCOCLKDIV

	DIVM
	0
	 

	DIVS
	0
	 

	DIVA
	0
	 

	DIVPA
	0
	 

	 
	 
	 

	OUTPUTS
	 
	 

	FLLREFCLK (Hz)
	32768
	 

	DCOCLK (Hz)
	32047104
	 

	DCOCLKDIV (Hz)
	16023552
	 

	ACLK (Hz)
	32768
	 

	MCLK (Hz)
	16023552
	MCLK=DCOCLKDIV

	SMCLK (Hz)
	16023552
	SMCLK=DCOCLKDIV

	PPM W.R.T 16MHZ
	1472
	PPM




Hence this SMCLK and MCLK are not exactly 16MHz from this calculation.

Is this correct ??

DCO frequency drift calculation due to temperature and core voltage change:

Datasheet Spec over the DCO drift:
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	Thermal Drift of Digitally Controlled Oscillator (DCO) frequency
	 

	DCO frequency temperature drift (%/°C) 
	0.1

	Temperature rise (°C)
	30

	Total Temperature drift (Hz)
	480706.56

	Maximum Frequency (Hz)
	16504258.56

	Minimum Frequency (Hz)
	15542845.44

	
	

	Voltage Drift of Digitally Controlled Oscillator (DCO) frequency
	 

	DCO frequency Voltage drift (%/V) 
	1.9

	Voltage Vcore change (V)
	0.05

	Total Voltage drift (Hz)
	15222.3744

	Maximum Frequency (Hz)
	16519480.93

	Minimum Frequency (Hz)
	15527623.07

	
	

	ppm Calculation of DCO clock drift
	 

	ppm Calculation (±)
	30950

	 
	-30950




Why DCO frequency is varying this much as per the above calculation ??



eUART Transmit Error Calculation:

UART Tx error is being calculated using the following formula from the datasheet/user Guide:
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Max and Min Tx error calculation for 16Mhz clock and 115200 Baud:

My Excel Calculation :
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Error calculation table in User Guide:
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From the above calculation, you can see that the error on your user guide is as same as in our calculation excel.



Tx error calculation for Max drifted clock (16.519481 MHz) and 115200 Baud:
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Tx error calculation for Min drifted clock (15.527623 MHz) and 115200 Baud:
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Because of the DCO clock drift, we are seeing a maximum Tx bit Error of around 25 % . Is this acceptable ??

[bookmark: _GoBack]Could you provide the Calculator excel for Rx error calculation similar to this as I am not getting the error correctly for Rx ???
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Table 39-5. Recommended Settings for Typical Crystals and Baud Rates" (continued)

TX Error® (%)

RX Error? (%)

BRCLK Baud Rate |UCOS16 | UCBRx | UCBRFx | UCBRSx?

neg pos neg pos
8388608 230400 1 2 4 0x92 -1.62 1.37 -3.56 2.06
8388608 460800 0 18 - 0x11 2 3.37 -5.31 555
12000000 9600 1 78 2 0x0 0 0 0 0.04
12000000 19200 1 39 1 0x0 0 0 0 0.16
12000000 38400 1 19 8 0x65 -0.16 0.16 0.4 0.24
12000000 57600 1 13 0 0x25 -0.16 0.32 -0.48 0.48
12000000 115200 1 6 8 0x20 -0.48 0.64 -1.04 1.04
12000000 230400 1 3 4 0x2 0.8 0.96 -1.84 1.84
12000000 460800 1 1 10 0x0 0 1.76 0 3.44
16000000 9600 1 104 2 0xD6 -0.04 0.02 -0.09 0.03
16000000 19200 1 52 1 0x49 -0.08 0.04 0.1 0.14
16000000 38400 1 26 0 0xB6 -0.08 0.16 -0.28 02
16000000 57600 1 17 5 0xDD -0.16 02 0.3 0.38
16000000 115200 1 8 10 OXF7 032 032 -1 0.36
16000000 230400 1 4 5 0x55 0.8 0.64 -1.12 1.76
16000000 460800 1 2 2 0xBB -1.44 128 -3.92 1.68
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UART Baud rate Generator
error calculation (Low
Frequency Buad Rate
Generation) To calculate bit error, this time is compared to the ideal bit time t,
el = (1/baud rate)i + 1)

Value of N 138] En0rsy i = (aral] = bsenrali) * bavd rate x 100%
UCBRx 8
UCBRSX 7|
UCBRFx 0A
Length of bit Thit,TX[0] 0.000008414ideal bit time tbit,ideal,TX[0] 0.000008681 Error TX[0] -3.06717|
Length of bit Thit,TX[1] 0.000016829|ideal bit time tbit,ideal,TX[1] 0.000017361 Error TX[1] -6.13434]
Length of bit Thit,TX[2] 0.000025243ideal bit time tbit,ideal,TX[2] 0.000026042 Error TX[2] .20152
Length of bit Thit,TX[3] 0.000033657|ideal bit time tbit,ideal,TX[3] 0.000034722 Error TX[3] -12.2687|
Length of bit Thit,TX[4] 0.000042011ideal bit time tbit,ideal,TX[4] 0.000043403 Error TX[4] -16.0332
Length of bit Thit,TX[5] 0.000050425ideal bit time tbit,ideal,TX[5] 0.000052083 Error TX([5] -19.1004)
Length of bit Thit,TX[6] 0.000058840|ideal bit time tbit,ideal,TX[6] 0.000060764] Error TX[6] -22.1676)
Length of bit Thit,TX[7] 0.000067254]ideal bit time tbit,ideal,TX[7] 0.000069444] Error TX[7] 2347

Maximum Tx error

mum Tx error
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UART Baud rate Generator
error calculation (Low
Frequency Buad Rate
Generation) To calculate bit error, this time is compared to the ideal bit time t,
el = (1/baud rate)i + 1)

Value of N 138] En0rsy i = (aral] = bsenrali) * bavd rate x 100%
UCBRx 8
UCBRSX 7|
UCBRFx 0A
Length of bit Thit,TX[0] 0.000008952|ideal bit time tbit,ideal,TX[0] 0.000008681 Error TX[0] 3.124605
Length of bit Thit,TX[1] 0.000017904ideal bit time tbit,ideal,TX[1] 0.000017361 Error TX[1] 6.249211
Length of bit Thit,TX[2] 0.000026855|ideal bit time tbit,ideal,TX[2] 0.000026042 Error TX[2] 9.373816)
Length of bit Thit,TX[3] 0.000035807 |ideal bit time tbit,ideal,TX[3] 0.000034722 Error TX[3] 12.49842
Length of bit Thit,TX[4] 0.000044695 ideal bit time tbit,ideal,TX[4] 0.000043403 Error TX[4] 14.88112
Length of bit Thit,TX[5] 0.000053646ideal bit time tbit,ideal,TX[5] 0.000052083 Error TX([5] 18.00573
Length of bit Thit,TX[6] 0.000062598ideal bit time tbit,ideal,TX[6] 0.000060764] Error TX[6] 21.13033
Length of bit Thit,TX[7] 0.000071550 ideal bit time tbit,ideal,TX[7] 0.000069444] Error TX[7] 24.25494]

Maximum Tx error

mum Tx error
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frx:oqu =D x (N +1) % (fei rercix = N)

fococukon = (N + 1) * (feuirercic = N)
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Table 5-5. DCO Frequency
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN _TYP MAX| UNIT
focowo) DCO frequency (0, 0)") DCORSELx = 0, DCOx = 0, MODx = 0 0.07 020| MHz
focosn) DCO frequency (0, 31)" DCORSELx = 0, DCOx = 31, MODx = 0 070 170| MHz
foco(,0) DCO frequency (1, 0)(") DCORSELx = 1, DCOx = 0, MODx = 0 015 036| MHz
focon,sn DCO frequency (1, 31)" DCORSELx = 1, DCOx = 31, MODx = 0 147 345| MHz
focoo) DCO frequency (2, 0)") DCORSELx = 2, DCOx = 0, MODx = 0 032 075| MHz
foco@sn) DCO frequency (2, 31)" DCORSELx = 2, DCOx = 31, MODx = 0 317 7.38| MHz
focoEo). DCO frequency (3, 0)(") DCORSELx = 3, DCOx = 0, MODx = 0 064 151| MHz
foco@an DCO frequency (3, 31)" DCORSELx = 3, DCOx = 31, MODx = 0 6.07 140| MHz
focow DCO frequency (4, 0)") DCORSELx = 4, DCOx = 0, MODx = 0 13 32| MHz
focosn) DCO frequency (4, 31)" DCORSELx = 4, DCOx = 31, MODx = 0 123 282| MHz
focos0). DCO frequency (5, 0)(") DCORSELx = 5, DCOx = 0, MODx = 0 25 60| MHz
focos31) DCO frequency (5, 31)" DCORSELx = 5, DCOx = 31, MODx = 0 237 54.1| MHz
focoE0) DCO frequency (6, 0)(") DCORSELx = 6, DCOx = 0, MODx = 0 46 10.7| MHz
focoesn DCO frequency (6, 31)" DCORSELx = 6, DCOx = 31, MODx = 0 39.0 88.0| MHz
focow.) DCO frequency (7, 0)(") DCORSELx = 7, DCOx = 0, MODx = 0 85 19.6| MHz
focowsn) DCO frequency (7, 31)" DCORSELx = 7, DCOx = 31, MODx = 0 60 135| MHz
T I —r 22 o
Soco Frequenaystepbetveen @ |5, = oogcose pcontfocovcorseioce) | 102 112 rao
Duty cycle Measured at SMCLK 40 50 60| %
dfocoldT DCO frequency temperature drift | foco = 1 MHz 01 %/°C
dfpco/dVeore  DCO frequency voltage drift foco = 1 MHz - %IV
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tundil = — ((16 * UCBRX) *+ 2 Mg lil + Myl
=

Where:

15

2 Mucersli]

<=0 = Sum of ones from the corresponding row in Table 39-3
mycersdi] = Modulation of bit i of UCBRSx
This results in an end-of-bit time t,;1[i] equal to the sum of all previous and the current bit times:

ol = S )
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To calculate bit error, this time is compared to the ideal bit time t,; o 7x[il:
totigearrx(i] = (1/baud rate)(i + 1)

This results in an error normalized to one ideal bit time (1/baud rate):‘
Errorry[il = (ti1x[il — toiigearr[i]) * baud rate x 100%
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UART Baud rate Generator
error calculation (Low
Frequency Buad Rate
Generation) To calculate bit error, this time is compared to the ideal bit time t,

el = (1/baud rate)i + 1)
Value of N 138] En0rsy i = (aral] = bsenrali) * bavd rate x 100%
UCBRx 8
UCBRSX 7|
UCBRFx 0A
Length of bit Thit,TX[0] 0.000008688ideal bit time tbit,ideal,TX[0] 0.000008681 Error TX[0] 0.08]
Length of bit Thit,TX[1] 0.000017375ideal bit time tbit,ideal,TX[1] 0.000017361 Error TX[1] 0.16]
Length of bit Thit,TX[2] 0.000026063ideal bit time tbit,ideal,TX[2] 0.000026042 Error TX[2] 0.24]
Length of bit Thit,TX[3] 0.000034750|ideal bit time tbit,ideal,TX[3] 0.000034722 Error TX[3] 0.32
Length of bit Thit,TX[4] 0.000043375ideal bit time tbit,ideal,TX[4] 0.000043403 Error TX[4] 032
Length of bit Thit,TX[5] 0.000052063ideal bit time tbit,ideal,TX[5] 0.000052083 Error TX([5] -0.24
Length of bit Thit,TX[6] 0.000060750|ideal bit time tbit,ideal,TX[6] 0.000060764] Error TX[6] -0.16
Length of bit Thit,TX[7] 0.000069438ideal bit time tbit,ideal,TX[7] 0.000069444] Error TX[7] -0.08

Maximum Tx error
Minimum Tx error




