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(57) ABSTRACT 

A polar transmitter includes a frequency modulating path, a 
clock divider and a digital processing block. The frequency 
modulating path is arranged for generating a frequency 
modulated clock in response to a frequency modulating sig­
nal. The clock divider is coupled to the frequency modulated 
clock, and arranged for generating a down-divided clock. The 
digital processing block is coupled to the down-divided 
clock, and arranged for generating the frequency modulating 
signal, wherein the frequency modulating signal is adjusted 
for frequency deviation of the frequency modulated clock. A 
method for polar transmission includes: generating a fre­
quency modulated clock in response to a frequency modulat­
ing signal; dividing a frequency of said frequency modulated 
clock to generate a down-divided clock; and generating said 
frequency modulating signal according to said down-divided 
clock, wherein said frequency modulating signal is adjusted 
for frequency deviation of said frequency modulated clock. 

108 

_/ _ - - I 
120 

24 Claims, 9 Drawing Sheets 

114-

112 

Ip I AM signal 
processor 

I k 

Qk 

Samphng Im 

rate CORD IC 
comerter Qm L -

e 
I 

L - - - - - - - - -

L ______ _J 

- - - - -

FM signal 
processor 

l 
116 

1 SFvl 1 

1 Csfl 1 

- _J L -

104 

CKVD Clock 

d111der (-h-J 

ADPLL 

- J 110 

fc fREF 



lk 

Qk 

I -

102 

L _ - - - - - l 

108 

_) ___ I 
120 

/100 

I 
I I 

I 114_,--- Ip 1_ AM signal I 
I I 1- processor I 

I 112 I I I 
I 

< 
I L _______ _J 

I Im I - Sampiing -
106 I - - I rate CORD IC 

L - - - - - - - - l ~ - - L - - l - -- converter Qm-
I 

1 116 1118 I I I 11 
I SFM I ~V I 

I (LJ) I I CVV , I e - FM signal ·- ADPLL I DPA - I 1· I processor 
I I I v I 

I j \ - J I I -- - - - - - - _I , ___ _J L_ - I f- - 1 L - - - -- ------

II"\ ii"\ 

'"' 
1104 

fc f RIF 
CKVD Clock 

divider (t) 
--

FIC~. 1 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... .... 
0 ..... 
"° 

d 
r.r;_ 
00 
Oo = ~ 
Oo 
-..J 
~ 

= N 



204 

IK -
Interpolation 

circuit 
-QK 

j \ 

:'ire ratio 
-

Rate con version 
rat10 generator 

' j \ 

fc i::,f h (J 

FI C~. 2 

/ 
/112 

- IM 

- QM 

~202 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

> = 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... 
N 
0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-....l 
~ 

= N 



6'hlf 6'h27 

6'd43 CORDlC Clk sel 

..___o~·,F--ADP LL_ LO _off set_ en 

die. (j i--+-;;..j > > 12 
Trun. I • ::;;.f 1-~ Trun. 

;;..i >>13 

1-~ Trun. 

LUT(fc)L- ~ 

f c Externa~ 
LCT j 

const 

FI C~. 3 

src ratio 

Trun. 

ADPLL LO offset en 
- - -

- 20117COO 

- 20119(00 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... 
(.H 

0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-....l 
~ 

= N 



Qk~-1 

S~.& D Im 
Trun. 

._ ____ __J·1 Capture i-<-~ 
MSB I 

D 

Ill. a I Rounding I< • I D Capture I< • ( +J~ src _ratio 
LSBs 

I ~I S~.& 
Trun. D Qm 

FI C~. 4 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... 
.i;... 

0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-....l 
~ 

= N 



~ 

/500 
00 
• 
~ 
~ 
~ 
~ = 502 504 
~ 

P '_.J Sampling rate p Amplitude > 
lk -~ I = > ~ 

converter modulating path .... 
N 
~ 

N 
0 .... 
.i;... 

f c L'J 
I 

CORD IC 
1J1 

506 508 =-('D 
('D ..... 

YL 
Ul 
0 

Qk :~ I () ' _I Sampling rate H FM signal (6f) Frequency 
..... 
"° 

converter processor modulating path 

t 
f c 6f! 6 () 

CKVD d 
rJl 
00 
Oo = ~ 

FI C~. 5 
Oo 
-....l 
~ 

= N 



FCWDATA 

I -
612 

---, S2 
K S2 I , >

1
Resampling 

circuit 

1 CKVD' 

618 

602 

614 
_( ______ l 

616 622 
I 

620 

iJ 
Second I A2 

FCWc:HA'lNEL E >!accumulator 

L - - - J 
604 

FREF • :;.1 
TDC 

I 

FI C~. 6 

605 
606 

Loop 
filter 

/600 

Sl 608 

607 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... 
O'I 
0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-....l 
~ 

= N 



FCWDATA 
(S2) 

Uµsamµlmg 
FCWDATA 

( S2) 
K 

T1 1 T2' 
I I 

~ TcoR.1 
I 

TcoR.2 TcoR,3 
I 

TcOR,4 >I< >I< >I< >I< Tcrn . .J -._I 
---1 

~:W1 ~Aft/fnEC I FCW2 =1"f2/fREF I FCW3 =d3/fREF I FCW 4 =,6J 4/fREF FCW.J =i':,.f5/fREF 

1F~V1jHi{V1l ··· IF~W11Fc~v11F~V'. ''' FCW 21rcw11rcw 31 ··· 1rcw 31FCW 41FCW 41 ··· 1rcw 41FCW 51FCW 5, ... 
KKK KKK KKK 

FCW5 
K 

Accurnu laling c1 I I I t ~ I I FC~~~;TA ~- Au .... : A 1.K : A t.K' 1 A1.m ... At,2K l.2K' 1w · ... At"K t"K' 1 l.3K' · ... At.4K L4K' = l.4K' ~ ... : At3K 

FREF r--
Sampling I c FCWDATA 

(As) 

I 

To 

As.1 

I 

T1 

FI C~. 7 

As.2 

I 

T2 

As,3 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;.., 

1J1 

=­('D 
('D ...... 
-....J 
0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-....l 
~ 

= N 



1/800 

N 

Lih _, I 
Asynchronous 

1----------~ - buffer#l 

I FCW LP,k r+ As,k 
rJ\=1 > +' "'!lit; 

l/fcOR 
N 

J 
fcoR _, \ ( :;...l.llJL\...,5\...,1 UllLl.llU\.ll\Jt11 

separation I 
/li 

l/faEF 

FCW LP,k -J Asynchronous 
- buffer #2 

FCWLP,N+l 

FI C~. 8 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ .... 
N 
~ 

N 
0 .... 
.i;... 

1J1 

=­('D 
('D ..... 
QO 

0 ..... 
"° 

d 
rJl 
00 
Oo = ~ 
Oo 
-..l 
~ 

= N 



U.S. Patent Aug. 12, 2014 Sheet 9of9 US 8,804,874 B2 



US 8,804,874 B2 
1 

POLAR TRANSMITTER HAVING DIGITAL 
PROCESSING BLOCK USED FOR 

ADJUSTING FREQUENCY MODULATING 
SIGNAL FOR FREQUENCY DEVIATION OF 
FREQUENCY MODULATED CLOCK AND 

RELATED METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

10 
This application claims the benefit of U.S. provisional 

application No. 61/589,031, filed on Jan. 20, 2012 and incor­
porated herein by reference. 

BACKGROUND 

2 
block used for adjusting a frequency modulating signal for 
frequency deviation of a frequency modulated clock and a 
related method thereof are proposed to solve the above-men­
tioned problems. 

According to a first aspect of the present invention, an 
exemplary polar transmitter is disclosed. The exemplary 
polar transmitter includes a frequency modulating path, a 
clock divider and a digital processing block. The frequency 
modulating path is arranged for generating a frequency 
modulated clock in response to a frequency modulating sig­
nal. The clock divider is coupled to the frequency modulated 
clock, and arranged for generating a down-divided clock. The 
digital processing block is coupled to the down-divided 
clock, and arranged for generating the frequency modulating 

The disclosed embodiments of the present invention relate 
15 signal, wherein the frequency modulating signal is adjusted 

for frequency deviation of the frequency modulated clock. 
According to a second aspect of the present invention, an 

exemplary method for polar transmission is provided. The 
exemplary method includes: generating a frequency modu-

to mitigating frequency deviation effects caused by a vari­
able-rate clock, and more particularly, to a polar transmitter 
having a digital processing block used for adjusting a fre­
quency modulating signal for frequency deviation of a fre­
quency modulated clock and a related method thereof. 

A digital polar transmitter offers some advantages, such as 
a potential for reducing complexity and current consumption 
in the modulator path as well as eliminating the problem of 
image rejection, thus the polar transmitter is more suitable for 
implementation in advanced complementary metal oxide 
semiconductor (CMOS) processing technologies. More spe­
cifically, the digital polar transmitter is a transmitting device 
that splits a complex baseband signal explicitly represented 

20 lated clock in response to a frequency modulating signal; 
dividing a frequency of said frequency modulated clock to 
generate a down-divided clock; and generating said fre­
quency modulating signal according to said down-divided 
clock, wherein said frequency modulating signal is adjusted 

25 for frequency deviation of said frequency modulated clock. 
These and other objectives of the present invention will no 

doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw-by an amplitude-modulated (AM) contented component and 

30 ings. a phase-modulated (PM) contented component, instead of an 
in-phase component and a quadrature component. These two 
components are then recombined into a radio-frequency (RF) 
output to be transmitted over the air. For example, an all­
digital phase locked loop (ADPLL) may be disposed in a 
frequency modulating path to generate a frequency modu- 35 

lated clock, such as a clock output of a digitally-controlled 
oscillator (DCO), in response to the PM contented compo­
nent, and the frequency/phase modulated clock is processed 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a polar transmitter 
according to an embodiment of the present invention. 

FIG. 2 is a block diagram illustrating an exemplary imple­
mentation of the sampling rate converter shown in FIG. 1. 

by a following stage such as a digitally-controlled power 
amplifier (DPA). 

FIG. 3 is a diagram illustrating an exemplary circuit imple­
mentation of the rate conversion ratio generator 202 shown in 

40 FIG. 2. 
In the digital polar transmitter, almost all variable-rate and 

fixed-rate clocks (except for the frequency reference, PREF, 
clock, of course) are generally obtained by edge-division of 
the frequency modulated clock (e.g., a DCO clock). More 
specifically, to save area and power, there is no dedicated 45 

fixed-rate PLL used for the generation of high-frequency 
clocks. Since the DCO undergoes FM data modulation, all the 
derived integer-divided clocks will experience time-variant 
instantaneous frequency perturbations. In other words, any 
clock derived from performing frequency division upon the 50 

DCO clock would have a time-variant clock frequency due to 
the FM data modulation. The transmitter (TX) circuits nor­
mally assume time-invariant clock frequencies, therefore cer­
tain operations may be affected when the clocks actually have 
time-variant clock frequencies. One solution may run a clock 55 

divider at a high clock rate to compensate the frequency 
deviation effect and create a clean clock. However, this is 
power and area consuming, and is not applicable for resource­
limited applications. 

Thus, there is a need for an innovative design, which is 60 

capable of effectively compensating the frequency deviation 
effect by using simple digital signal processing means. 

FIG. 4 is a diagram illustrating an exemplary circuit imple­
mentation of the interpolation circuit shown in FIG. 2. 

FIG. 5 is a diagram illustrating an alternative design of a 
digital processing block implemented in a polar transmitter 
according to an exemplary embodiment of the present inven­
tion. 

FIG. 6 is a diagram illustrating an ADPLL employing a 
reference phase generator according to an exemplary 
embodiment of the present invention. 

FIG. 7 is a diagram illustrating an example of generating a 
sampled output by using the resampling circuit, the first accu­
mulator and the sampler shown in FIG. 6. 

FIG. 8 is a diagram illustrating a computation circuit which 
may replace the resampling circuit, the first accumulator and 
the sampler shown in FIG. 6 according to an exemplary 
embodiment of the present invention. 

FIG. 9 is a diagram illustrating the linear interpolation in 
the sampling rate converter that is aware of the instantaneous 
frequency deviation of the variable clock. 

DETAILED DESCRIPTION 

SUMMARY 

In accordance with exemplary embodiments of the present 
invention, a polar transmitter having a digital processing 

Certain terms are used throughout the description and fol­
lowing claims to refer to particular components. As one 

65 skilled in the art will appreciate, manufacturers may refer to a 
component by different names. This document does not 
intend to distinguish between components that differ in name 
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but not function. In the following description and in the 
claims, the terms "include" and "comprise" are used in an 
open-ended fashion, and thus should be interpreted to mean 
"include, but not limited to ... ".Also, the term "couple" is 
intended to mean either an indirect or direct electrical con- 5 
nection. Accordingly, if one device is electrically connected 
to another device, that connection may be through a direct 
electrical connection, or through an indirect electrical con­
nection via other devices and connections. 

FIG. 1 is a block diagram illustrating a polar transmitter 
10 

according to an embodiment of the present invention. By way 
of example, the polar transmitter 100 may be a multi-rate 
wideband transmitter. The polar transmitter 100 includes a 
digital processing block 102, a clock divider 104, a frequency 
modulating path 106, an amplitude modulating path 108 and 
a DPA 110. The frequency modulating path 106 is arranged 15 

for generating a frequency modulated clock CKV ("V" stands 
for variable) in response to a frequency modulating signal 
SFM In this embodiment, anADPLL 118 is disposed in the 
frequency modulating path 106, and is configured to operate 
according to the frequency modulating signal S FM' a carrier 20 

frequency fc (e.g., 2.454 GHz) and a reference frequency fREF 

(e.g., 26 MHz). Thus, the frequency of the frequency modu­
lated clock CKV (i.e., DCO clock) is time-variant and falls 
within a range of e.g., 2.454 GHz-26 MHz to 2.454 GHz+26 
MHz. It should be noted that the actual peak frequency devia- 25 

tion (e.g., +/-26 MHz) may depend on the sampling fre­
quency of the CORDIC 114. Regarding the exemplary circuit 
structure shown in FIG. 1, ifthe CORDIC rate is 50 MHz, for 
example, then the peak frequency deviation may be 25 MHz, 
which is one-half of the CORDIC sampling frequency. The 30 

clock divider 104 is coupled between the frequency modulat­
ing path 106 and the digital processing block 102, and 
arranged for performing frequency division upon the fre­
quency modulated clock CKV to generate a down-divided 
variable clock CKVD to the digital processing block 102. For 35 

example, the clock divider 104 may be configured to perform 
the frequency division by a power-of-two number (e.g., N=r, 
where n is an integer). The digital processing block 102 is 
arranged for generating the frequency modulating signal 
SFM' wherein the frequency modulating signal SFM is 40 

adjusted for frequency deviation li.f effects of the frequency 
modulated clock CKV. As shown in FIG. 1, the digital pro­
cessing block 102 includes a sampling rate converter 112, a 
coordinate rotation digital computer (CORDIC) 114 and an 
FM signal processor 116, wherein the down-divided clock 45 

CKVD acts as an operating clock of the CORDIC 114. 
The CORDIC 114 is a digital signal processor arranged for 

converting an in-phase component Im and a quadrature com­
ponent Qm into a phase component 8 and an amplitude com­
ponent p. In this embodiment, the sampling rate converter 50 

112 is arranged for performing interpolation upon an in-phase 
component Ik and a quadrature component Qk with a fixed 
clock rate (e.g., 16 MHz or 32 MHz) into the in-phase com­
ponent Im and the quadrature component Qm with a variable 
clock rate. Regarding the clock divider 104, it employs a fixed 55 

frequency division factor N which is set based on the desired 
variable clock rate of the in-phase component Im and the 
quadrature component Qm. Assuming that the carrier fre­
quency fc is 2.454 GHz, the frequency division factor N is set 
by 48 ifthe fixed clock rate of the in-phase component Ik and 60 

the quadrature component Qk is 32 MHz, and the frequency 
division factor N is set by 96 if the fixed clock rate of the 
in-phase component Ik and the quadrature component Qk is 16 
MHz. The FM signal processor 116 is arranged for converting 
the phase component 8 into the frequency deviation li.fby a 65 

difference operator l-z-1 and a scaling factor fj96, and 
accordingly generating the frequency modulating signal S FM 

4 
It should be noted that over-sampling may also be involved in 
the calculation of frequency deviation li.f.As shown in FIG. 1, 
an AM signal processor 120 is disposed in the amplitude 
modulating path 108, and is arranged for processing the 
amplitude component p generated from the CORDIC 114 to 
generate an amplitude control word to the DPA 110. Hence, 
based on the amplitude control word generated from the AM 
signal processor 120 and the frequency modulated clock 
CKV generated from the ADPLL 118, an RF output is gen­
erated from the DPA 110. 

As the CORDIC 114 operates according to a variable-rate 
clock CKVD derived from the frequency modulated clock 
CKV, both of the amplitude modulating path 108 and the 
frequency modulating path 106 are coupled to the frequency 
modulated clock CKV, and may be affected by frequency 
deviation li.f the frequency modulated clock CKV. To com­
pensate the frequency deviation, the digital processing block 
102 adjusts the frequency modulating signal S FM by perform­
ing an interpolation from a fixed frequency clock (e.g., 16/32 
MHz) to the down-divided variable clock CKVD (e.g., 51.25 
MHZ+/-0.542 MHz). In this embodiment, the frequency 
modulating signal S FM is adjusted through the sampling rate 
converter 112 to compensate the frequency deviation li.fthe 
frequency modulated clock CKV. Specifically, the sampling 
rate converter 112 employs a simplified digital correction 
algorithm to dynamically calculate the required compensa­
tion and interpolate the in-phase and quadrature data accord­
ing to the frequency deviation. Though the CORDIC 114 
operates according to the variable-rate clock CKVD, the fre­
quency deviation is compensated by the sampling rate con­
verter 112. Hence, the CORDIC 114 may be regarded as if 
operating under a fixed-rate clock. 

Please refer to FIG. 2, which is a block diagram illustrating 
an exemplary implementation of the sampling rate converter 
112 shown in FIG. 1. The sampling rate converter 112 
includes a rate conversion ratio generator 202 and an inter­
polation circuit 204. The rate conversion ratio generator 202 
is arranged for receiving the carrier frequency fc and the 
instantaneous value of the frequency deviation li.f the fre­
quency modulated clock CKV, and dynamically adjusting/ 
updating a rate conversion ratio src_ratio according to the 
carrier frequency fc and the frequency deviation li.f. It should 
be noted that the frequency deviation li.f results from the 
phase deviation li.8. Hence, one skilled in the pertinent art 
should readily appreciate that the rate conversion ratio gen­
erator 202 may be modified to operate according to the carrier 
frequency fc and the instantaneous value of the phase devia­
tion li.8 of the frequency modulated clock CKV. In other 
words, the rate conversion ratio src_ratio is a time-variant 
value. The interpolation circuit 204 is coupled to the rate 
conversion ratio generator 202, and acts as a variable inter­
polator arranged for performing variable interpolation upon 
the in-phase component Ik and quadrature component Qk 
according to an accumulation (i.e., a) of the rate conversion 
ratio src_ratio, and accordingly generating the in-phase com­
ponent Im and quadrature component Qm to the following 
CORDIC 114 for further processing, where 

k 

a= .L src_ration. 
n=O 
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In a case where the carrier frequency fc is 2.454 GHz and 
the fixed clock rate of the in-phase component Ik and the 
quadrature component Qk is 32 MHz, the frequency division 
factor N would be set by 48. Hence, the rate conversion ratio 
src_ratio may be simply derived from the following equation. 

32 MHz 
src_ratio = (fc + D.f) / 48 

(1) 

10 

6 
-continued 

16 MHzx96 1 

f, l+Ll.8/192 

~ 1536 MHz( _ Ll.8) 
- f, 1 

192 

=[WT(fc)+canstJ(l- ~~) 

[ M Ml = [LUT(f,) +canst] - LUT(f,) x 
192 

+ canstx 
192 

In another case where the carrier frequency fc is 2.454 GHz 
and the fixed clock rate of the in-phase component Ik and the 
quadrature component Qk is 16 MHz, the frequency division 
factor N would be set by 96. Hence, the rate conversion ratio 15 

src_ratio may be simply derived from the following equation. 

Therefore, the rate conversion ratio src ratio can be 
obtained by searching a look-up table (LUT) for a predefined 
value indexed by fc (i.e., LUT(fc)) and selecting a proper 
constant value (i.e., canst). Exemplary circuit implementa­
tions of the rate conversion ratio generator 202 and the inter­
polation circuit 204 using equation (3b) and ( 4) are shown in 

16 MHz 
src_ratio = (fc + D.f) 196 

(2) FIG. 3 and FIG. 4, respectively, wherethephasedeviationll8, 

20 instead of the frequency deviation llf, is used forobtainingthe 

To simply the computation effort by using multiplication 
operators, the above equations (1) may be reformulated as 
below. 

32 MHz 
src_ratio = (f, + Ll.f) I 48 

1 32 MHzx48 

f, 1 +Ll.f/f, 

" 1536 MHz(l _ Ll.f) 
f, f, 

= [LUT(f,) +canst']( 1 - J.1) 

[ 
Ll.f Ll.f] = [LUT (f,) +canst'] - LUT (f,) x J; +canst' X J; 

(3a) 

rate conversion ratio src_ratio. As mentioned above, the fre­
quency deviation llf results from the phase deviation ll8. 
Alternatively, with proper modification of the exemplary cir­
cuit shown in FIG. 3, using the frequency deviation llf to 

25 obtain the rate conversion ratio src_ratio is feasible. By way 
of example, the interpolators (i.e., the top-left circuit and 
bottom-left circuit of FIG. 4) may be implemented using 
linear interpolators each operated according to a weighting 
factor a, which is derived from rounding an accumulation of 

30 the rate conversion ratio src_ratio. 
In above embodiment, the sampling rate converter 112 is 

placed before the CORDIC 114. However, this is for illustra­
tive purposes only, and is not meant to be a limitation of the 
present invention. FIG. 5 is a diagram illustrating an alterna-

35 tive design of a digital processing block implemented in a 
polar transmitter according to an exemplary embodiment of 
the present invention. The digital processing block 500 
includes a CORDIC 502, a plurality of sampling rate convert-

If using ll8 instead of llf, the equation can be listed as 40 

below. 

ers 504, 506, and an FM signal processor 508. The CORDIC 
502 is arranged for converting the in-phase component Ik and 
the quadrature component Qk into a phase component 8' and 
an amplitude component p'. Each of the sampling rate con­
verters 504 and 506 performs interpolation upon its inputs 32 MHz 

src_ratio = (fc + D.f) / 48 

32 MHzx48 

f, + Ll.8x f, /96 

32 MHzx48 1 

f, 1 +M/96 

~ 1536 MHz( _ ~) 
- f, 1 

96 

= [LUT(fc) +canst]( 1 - ;) 

[ 
Ll.8 Ml = [LUT(fc) +canst] - LUT(f,) x % + canstx % 

where Ll.8 = 2 X 48 X Ll.f / f 0 and - 1 s Ll.8 s 1. 

For equation (2), it may be reformulated as below 

16 MHz 
src_ratio = (f, + Ll.f) 196 

16 MHzx96 

f, +Ll.8xf,/192 

(3b) 

(4) 

45 according to the carrier frequency fc and the frequency devia­
tion llfthe frequency modulated clock CKV. Hence, the sam­
pling rate converter 504 generates the high-rate amplitude 
component p to the amplitude modulating path, and the sam­
pling rate converter 506 generates the high-rate phase com-

50 ponent 8 to the FM signal processor 508. The FM signal 
processor 508 is arranged for converting the phase compo­
nent 8 into the frequency deviation llf, which is the differen­
tiation of the phase with respect to time, and accordingly 
generating the frequency modulating signal S FM It should be 

55 noted that the output of the digital processing block 500 may 
be substantially identical to that of the digital processing 
block 102. Similarly, as therate conversion ratio of each of the 
sampling rate converters 504 and 506 is dynamically 
adjusted/updated to compensate the frequency deviation 

60 effect, the frequency modulating signal SFM in FIG. 5 is 
therefore adjusted for frequency deviation of the frequency 
modulated clock CKV. 

Briefly summarized, the digital processing block 102/500 
with simplified digital correction may use a linear interpola-

65 tor with an a weighting factor. The weighting factor a defines 
where to estimate the value on a linearly interpolated line. In 
addition, the a weighting factor is responsive to the carrier 
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frequency and the frequency deviation of the frequency 
modulated clock, and uses a multiplication operator. 

8 

Functional accuracy of the TX circuits using the variable­
rate clocks derived from the DCO clock can be affected by the 
frequency deviation. Thus, besides the CORDIC mentioned 5 

above, other circuit components may also require compensa­
tion for the frequency deviation. For example, an ADPLL in 

of the oscillator (e.g., DCO 608). Specifically, the frequency 
of the specific clock CKVD' is higher than the frequency of 
the compensating feed input S2, and the sampling rate of the 
direct feed input Sl is lower than the frequency of the specific 
clock CKVD'. Besides, as the direct feed input Sl is derived 
from the digital output of the CORDIC operating at a vari-
able-rate clock derived from the clock output of the oscillator 
(e.g., DCO 608), samples of the direct feed input Sl are 
synchronous to the oscillator (e.g., DCO 608). 

a conventional polar transmitter is also affected by frequency 
deviation of the DCO clock. Specifically, the frequency com­
mand word (FCW) data fed into the ADPLL is derived from 10 

CORDIC's digital output in each CORDIC cycle. As the 
CORD IC operates according to a variable-rate clock derived 
from the DCO clock, the CORDIC cycles change due to the 
DCO clock period variation. Hence, a fixed-rate clock may 
latch the FCW data after certain duration once the FCW data 15 

In this embodiment, the compensating feed input S2 is 
resampled by performing a linear interpolation, where the 
compensating feed input S2 is resampled by the specific clock 
CKVD' to produce a plurality of samples, and the samples are 
further sampled by a frequency reference clock PREF. As 
shown in FIG. 6, the reference phase generator 602 is 
employed to process the compensating feed input S2 and is changed, which causes some phase error and propagates 

into the following loop filter in the ADPLL. Sometimes, the 
fixed-rate clock may lose one FCW data if the frequency is 
large, which causes large phase error and degrades the fre­
quency modulation quality. To solve these problems, the 
present invention therefore proposes a reference phase gen­
erator with clock interpolation in the compensating feed 
input. 

The proposed idea is further illustrated in FIG. 9 for the 
sampling rate converter 506 operating on the phase/frequency 
deviation samples. It can be applied conceptually to the other 
types of sampling rate converters, such as 504, 112,204. The 
ideal modulating data is a continuous-time thick curve llf(t), 
which is the phase 8 differentiated with respect to time. The 
modulating data samples at the fixed clock rate f1 (i.e., equi­
distant clock timestamps), shown as circles, are linearly inter­
polated to the variable clock timestamps, shown as vertical 
arrows. For illustration purposes, the average variable fre­
quency f2 is exactly twice of f1 . In the negative llf region, the 
variable samples are delayed versus their average (i.e., 
unmodulated) locations, while in the positive llf region, the 
variable samples are advanced. The linear interpolation 
accounts for the timing shifts of the variable timestamps. For 
illustration purposes, the samples are not dense enough; 
hence the linear interpolation error appears much higher than 
normally expected. 

Please refer to FIG. 6, which is a diagram illustrating an 
ADPLL according to an exemplary embodiment of the 
present invention. By way of example, theADPLL 118 shown 
in FIG. 1 may be implemented using theADPLL 600 shown 
in FIG. 6. However, this is not meant to be a limitation of the 
present invention. Any electronic device (e.g., a digital polar 
transmitter) using the ADPLL 600 shown in FIG. 6 falls 
within the scope of the present invention. The ADPLL 600 
employs a two-point all-digital frequency modulator archi­
tecture, and includes a direct feed input Sl, a compensating 
feed input S2, a reference phase generator 602, a time-to­
digital converter (TDC) 604 that features an extended range 
through counting of the CKV periods, a loop filter 606, a 
DCO 608, and adders 605 (actually a subtractor, which is 
realized as an adder whose lower input is negated), 607. The 
direct feed input Sl and the compensating feed input S2 are 
derived from a first frequency command word (FCW) input 
FCW DATA at a first clock rate (e.g., CKV I 48, a.k.a., CKVD48) 
since the first FCW input FCW DATA is obtained from the 
digital output of the CORDIC operating at the first clock rate 
(e.g., CKV/48). The direct feed input Sl is arranged for 
directly modulating frequency of an oscillator (e.g., DCO 
608). The compensating feed input S2 is arranged for com­
pensating effects of the frequency modulation on a phase 
error (i.e., output of adder 605), and is resampled by a specific 
clock CKVD' that is an integer edge division of a clock output 

generate a reference phase output PHR. The reference phase 
generator 602 includes a resampling circuit 612, a first accu­
mulator 614, a sampler 616, a clock divider 618, a second 

20 accumulator 620, and an adder 622. The clock divider 618 
performs an integer edge division of the frequency modulated 
clock CKV generated from the DCO 608, and provides the 
specific clock CKVD' to the resampling circuit 612 and the 
first accumulator 614. For example, the first FCW input 

25 FCW DATA is generated at an input clock rate CKV I 48, and the 
specific clock CKVD' is set by a clock rate CKV/6 (a.k.a., 
CKVD6). Hence, the specific clock CKVD' (e.g., CKV/6) is 
synchronous with the data input clock (e.g., CKV /48), and the 
specific clock CKVD' has a higher frequency. The resampling 

30 circuit 612 is arranged for receiving the first FCW input 
FCW DATA' and resampling the first FCW input FCW DATA by 
the specific clock CKVD' to produce a plurality of samples 
S2/K. More specifically, the resampling circuit 612 evenly 
divides one digital value DV of the first FCW input FCW DATA 

35 in one CORDIC cycle into K subcells each having a value 
equal to DV/K. The first accumulator 614 is coupled to the 
resampling circuit 612, and arranged for accumulating the 
incoming samples S2/K according to the specific clock 
CKVD' to generate a first accumulated result A 1 . More spe-

40 cifically, the first accumulator 614 uses a higher clock rate to 
accumulate the samples derived from the first FCW input 
FCW DATA having a lower clock rate. The sampler 616 is 
coupled to the first accumulator 614, and arranged for sam­
pling the first accumulated resultA1 according to a frequency 

45 reference clock PREF with a fixed reference frequency fREF' 

and accordingly generating a sampled result As to the adder 
622 for updating the reference phase output PHR. 

Please refer to FIG. 7 in conjunction with FIG. 6. FIG. 7 is 
a diagram illustrating an example of generating a sampled 

50 output by using the resampling circuit 612, the first accumu­
lator 614 and the sampler 616 shown in FIG. 6. As shown in 
FIG. 7, successive digital values FCW1-FCW5 of the first 
FCW input FCW DATA are transmitted during successive 
CORD IC cycles T coR 1 -T coR 5 , respectively. In this 

55 example, each of the CORDIC cy~les TcoR 1-TcoR 5 have 48 
CKV cycles. It should be noted that the °CORDIC cycles 
T coR 1 -T coR 5 may have different lengths due to frequency 
deviation of the frequency modulated clock CKV. Theresa­
mpling circuit 612 evenly divides each digital value in one 

60 CORDIC cycle into K subcells. Taking the first digital value 
FCW1 in the first CORDIC cycle TcoR 1 for example, each 
subcell/sample would have the value equal to FCW /K. In 
other words, the sum of all K subcells/samples, each having 
the value of FCW /K, would be equal to the digital value 

65 FCW1 . 

The first accumulator 614 accumulates the samples FCW / 
K, FCW2/K, FCW3/K, FCW4/K, FCW5/K generated from 
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the preceding resampling circuit 612. In this example, the first 
accumulated result A1.1 is equal to FCW/K, the first accu­
mulated result A1.2 is equal to A1.1+FCW/K (i.e., 
A1.2=2*FCW/K), and the first accumulated result A1.K is 
equal to A1.K_1+FCW/K (i.e., A1.k=K*FCW/K=FCW1). 
The first accumulatedresultA1.K+l is equal toA1.K+FCW2/K 
(i.e., A1.K+1=FCW1+FCWiK), the first accumulated result 
A1.K+2 is equal to Ai.K+i +FCW2/K (i.e., A1.K+2 =FCW1 + 
2 *FCW iK), and the first accumulated resultA1 2K is equal to 
A1.2K_1+FCW2/K (i.e., A1.2k=FCW1+K*FCW2/K=FCW1+ 
FCW 2 ). As a person skilled in the art can readily deduce 
values of the following first accumulated results A1.2K+i -
A1 .sK by analogy, further description is omitted here for brev­
ity. 

Suppose that the sampler 616 is triggered/clocked by rising 
edges of the frequency reference clock PREF. At time T 0 , the 
current output of the first accumulator 614 is therefore 
sampled by the sampler 616 to act as the sampled result As 1. 
At time T 1, the current output of the first accumulator 614°is 
therefore sampled by the sampler 616 to act as the sampled 
resultAs.2 · At time T 2 , the current output of the first accumu­
lator 614 is therefore sampled by the sampler 616 to act as the 
sampled result As 3 . 

Regarding the c~nventional AD PLL design, the rising edge 
of the frequency reference clock PREF at time T 1 would 
sample and output the digital value FCW 2 , and the next rising 
edge of the frequency reference clock PREF at time T 2 would 
sample and output the digital value FCW 4 . However, there is 
a duration (T 1-T1 ')after the digital value FCW 1 is changed to 
the digital value FCW2 at time T1', and there is a duration 
(T2 -T 2 ') after the digital value FCW3 is changed to the digital 
value FCW4 at time T2 '. Hence, the conventional ADPLL 
design fails to capture the precise phase information at the 
sampling timing, resulting in uncompensated phase error 
propagated into the following loop filter. In contrast to the 
conventional ADPLL design, the proposedADPLL design is 
capable of capturing the phase information with reduced error 

10 
620 and the sampler 616, and arranged for generating the 
reference phase output PHR by adding the sampled result As 
to the second accumulated result A2 . The reference phase 
output PHR and the output of the TDC 604 are combined at 

5 the subtracting adder 605, and an output of the adder 605 is 
fed into the loop filter 606.An output of the loop filter 606 and 
the direct feed input Sl are combined at the adder 607, and an 
output of the adder 607 acts as a digital control value of the 
frequency modulated clock CKV generated from the DCO 

10 608. As details of adders 605, 607, loop filter 606, DCO 608 
and TDC 604 are readily known to those skilled in the perti­
nent art, further description is omitted here for brevity. 

It should be noted that the configuration shown in FIG. 6 is 
for illustrative purposes only, and is not meant to be a limita-

15 tion of the present invention. In an alternative design, a 
retimed frequency reference clock may be used to take place 
of the frequency reference clock PREF used by the sampler 
616 and the second accumulator 620. For example, the 
retimed frequency reference clock may be derived from sam-

20 piing the frequency reference clock PREF by rising edges of 
the frequency modulated clock CKV. The sampled result As 
obtained under the use of the retimed frequency reference 
clock is approximately the same as the sampled result As 
obtained under the use of the frequency reference clock 

25 PREF. The same objective of providing improvement to the 
compensating feed path is achieved. 

In above exemplary design shown in FIG. 6, the phase 
information with reduced phase error at the sampling timing 
is obtained through accumulating samples derived from resa-

30 mpling the original FCW data by a synchronous clock with a 
higher clock rate and sampling on the frequency reference 
clock PREF. In an alternative design, the phase information 
with reduced phase error at the sampling timing may be 
obtained through direct computation. For example, the com-

35 bination of resampling circuit 612, first accumulator 614 and 
sampler 616 may be replaced by a computation circuit 800 
shown in FIG. 8. A varied-rate linear interpolation is applied 
here to compensate the frequency deviation of the frequency 
modulated clock CKV. For example, the varied-rate can be 

at the sampling timing through accumulating samples derived 
from resampling the original FCW data with a lower clock 
rate (e.g., CKV/48) by a synchronous clock with a higher 
clock rate (e.g., CKV/6) and sampling on rising edges of the 
frequency reference clock PREF. Besides, the conventional 
ADPLL design successively outputs digital values FCW 2 and 
FCW 4 , thus losing the compensating reference phase infor­
mation given by the digital value FCW3 between the digital 45 

values FCW 2 and FCW 4 . In contrast to the conventional 
ADPLL design, the proposed ADPLL design does not lose 
any digital value transmitted by the first FCW input FCW DATA 

due to the fact that consecutive samples will be accumulated. 
For example, the first accumulated result A1.3K+l is equal to 50 

A1.3K+FCW4/K (i.e., FCW1+FCW2 +FCW3 +FCW4 /K), and 
the phase information given by the digital value FCW3 pre­
ceding the current the digital value FCW 4 is included in the 
first accumulated result A1 3K+I due to accumulation. It 
should be noted that the final PREF sampling may be asyn- 55 

chronous so that the resulting one CKVD' clock period uncer­
tainty does not matter. 

40 calculated based on the sampled variable phase. The phase 
information As.K with reduced phase error at the sampling 
index k may be directly calculated through following equa­
tions. 

(5) 

b.fk 
FCWLPk = -

• fcoR 

(6) 

N /::,.fk /::,.fN+! N 
As.k = ~-,----- +µ;-,- = ~FCWLP.k +µ;FCWLP.N+I 

k=l JCOR JCOR k=l 

(7) 

Briefly summarized, in the polar transmitter modulator 
clocked by the down-divided DCO clock, the time-variant 
clocks due to the frequency modulation cause the transmitter 
performance degradation. Regarding the conventional polar 
transmitter design, the replicas and spurs present in the RF 
output are channel dependent and related to the integer divi­
sion ratio. Regarding the proposed polar transmitter design, 
these frequency deviations are compensated without degrad­
ing the transmitter performance. Specifically, the present 
invention proposes using a sampling rate converter which can 
take this frequency deviation into the interpolator and give an 
exact rate conversion ratio, and/or using a reference phase 
generator which helps to resample and accumulate the FM 

Please refer to FIG. 6 again. The reference phase generator 
602 has the second accumulator 620 arranged for receiving a 
secondFCW inputFCW CHANNEL (e.g., fjfREF), andaccumu- 60 

lating the second FCW input FCW CHANNEL according to the 
frequency reference clock PREF to output a second accumu­
lated result A2 to the adder 622. For example, an increment 
fjfREF is added to/combined with the second accumulated 
result A2 each time the second accumulator 620 is triggered/ 65 

clocked by the rising edge of the frequency reference clock 
PREF. The adder 622 is coupled to the second accumulator 
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samples by a higher frequency synchronous clock and elimi­
nate the asynchronous problem created from the interface 
between the frequency modulated clock CKV generated from 
the DCO and the frequency reference clock PREF. 

12 
8. The polar transmitter of claim 7, wherein said interpo­

lation circuit is a linear interpolator. 
9. The polar transmitter of claim 7, wherein said interpo­

lation circuit performs said interpolation according to an 
accumulation of said adjusted rate conversion ratio. 

10. The polar transmitter of claim 1, wherein said fre­
quency modulating path is an all-digital phase-locked loop 
(ADPLL). 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 

11. The polar transmitterof claim 10, wherein saidADPLL 
10 employs a two-point modulation. 

1. A polar transmitter, comprising: 
a frequency modulating path, arranged for generating a 

frequency modulated clock in response to a frequency 
modulating signal; 

a clock divider, coupled to said frequency modulated clock, 
said clock divider arranged for generating a down-di­
vided clock; and 

15 

a digital processing block, coupled to said down-divided 
clock, said digital processing block arranged for gener- 20 

ating said frequency modulating signal, and receiving a 
value of deviation possessed by said frequency modu­
lating signal to adjust said frequency modulating signal, 
wherein said deviation is one of frequency deviation and 
phase deviation, said frequency modulating signal is 25 

adjusted for frequency deviation of said frequency 
modulated clock, and said frequency deviation of said 
frequency modulated clock results from said frequency 
deviation of said frequency modulating signal, wherein 
said digital processing block uses an interpolator with a 30 

weighting factor, said weighting factor is responsive to a 
carrier frequency and said frequency deviation of said 
frequency modulated clock, and said weighting factor is 
derived from rounding an accumulation of a rate conver­
sion ratio. 35 

2. The polar transmitter of claim 1, further comprising: 
an amplitude modulating path, coupled to said frequency 

modulated clock. 

12. The polar transmitter of claim 1, wherein said adjusting 
for frequency deviation uses a look-up table. 

13. A method for polar transmission, comprising: 
generating a frequency modulated clock in response to a 

frequency modulating signal; 
dividing a frequency of said frequency modulated clock to 

generate a down-divided clock; and 
generating said frequency modulating signal according to 

said down-divided clock, and receiving a value of devia­
tion possessed by said frequency modulating signal to 
adjust said frequency modulating signal, wherein said 
deviation is one of frequency deviation and phase devia­
tion, said frequency modulating signal is adjusted for 
frequency deviation of said frequency modulated clock, 
and said frequency deviation of said frequency modu-
lated clock results from said frequency deviation of said 
frequency modulating signal, wherein said frequency 
modulating signal is generated by using an interpolation 
with a weighting factor, said weighting factor is respon­
sive to a carrier frequency and said frequency deviation 
of said frequency modulated clock, and said weighting 
factor is derived from rounding an accumulation of a rate 
conversion ratio. 

14. The method of claim 13, further comprising: 
generating an amplitude modulated output according to 

said frequency modulated clock. 

3. The polar transmitter of claim 1, wherein said digital 
processing block adjusts said frequency modulating signal by 
performing an interpolation from a fixed frequency clock to 
said down-divided clock. 

15. The method of claim 13, wherein said frequency modu-
40 lating signal is adjusted by performing an interpolation from 

a fixed frequency clock to said down-divided clock. 

4. The polar transmitter of claim 1, wherein said clock 
divider performs division by a power-of-two number. 

5. The polar transmitter of claim 1, wherein said weighting 45 

factor uses a multiplication operator. 
6. The polar transmitter of claim 1, wherein said digital 

processing block comprises: 
a digital signal processor, arranged for converting an in­

phase component and a quadrature component into a 50 

phase component and an amplitude component; 
a sampling rate converter, wherein said frequency modu­

lating signal is adjusted through said sampling rate con­
verter to compensate for said frequency deviation of said 
frequency modulated clock; and 

a frequency modulated (FM) signal processor, arranged for 
generating said frequency modulating signal. 

7. The polar transmitter of claim 6, wherein said sampling 
rate converter comprises: 

55 

a rate conversion ratio generator, arranged for receiving a 60 

carrier frequency and said value of said deviation of said 
frequency modulating signal, and dynamically adjusting 
the rate conversion ratio according to said carrier fre­
quency and said value; and 

an interpolation circuit, coupled to said rate ratio generator, 65 

said interpolation circuit arranged for performing inter­
polation according to said adjusted rate conversion ratio. 

16. The method of claim 13, wherein said frequency of said 
frequency modulated clock is divided by a power-of-two 
number. 

17. The method of 13, wherein said weighting factor uses a 
multiplication operator. 

18. The method of claim 13, wherein generating said fre­
quency modulating signal comprises: 

converting an in-phase component and a quadrature com­
ponent into a phase component and an amplitude com­
ponent; 

performing a sampling rate conversion, wherein said fre­
quency modulating signal is adjusted through said sam­
pling rate conversion to compensate for said frequency 
deviation of said frequency modulated clock; and 

generating said frequency modulating signal by frequency 
modulated (FM) signal processing. 

19. The method of claim 18, wherein performing said 
sampling rate conversion comprises: 

receiving a carrier frequency and said value of said devia­
tion of said frequency modulating signal, and dynami­
cally adjusting the rate conversion ratio according to 
said carrier frequency and said value; and 

performing an interpolation according to said adjusted rate 
conversion ratio. 

20. The method of claim 19, wherein said interpolation is a 
linear interpolation. 
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21. The method of claim 19, wherein said interpolation is 
performed according to an accumulation of said adjusted rate 
conversion ratio. 

22. The method of claim 13, wherein generating said fre­
quency modulated clock is performed by an all-digital phase- 5 

locked loop (ADPLL). 
23. The method of claim 22, wherein saidADPLL employs 

a two-point modulation. 
24. The method of claim 13, wherein said adjusting for 

frequency deviation uses a look-up table. 10 

* * * * * 

14 


