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23.1 A 2.5V 57MHz 15-Tap SC Bandpass Interpolating Filter with 320MHz Output Sampling Rate in 0.35ym CMOS 

Seng-Pan U, R.P. Martins', J. E. Francaz 

University of Macau, Macau, China, 'University of Macau and on leave from lnstituto Superior Tecnico, Lisbon, Portugal, 21nstituto Superior Tecnico, 
Lisbon, and Chipidea Microelectronics, S.A , Portugal 

A 57MHz SC bandpass interpolating filter with 320MSample/s output is realized in 0.35pm CMOS for DDFS system. 15- 
tap FIR response is achieved with sampling rate increase and frequency upconversion by translating 22MHz 
80MSample/s input to 56MHz 320MSample/s output. Dynamic range is 69dB (l%THD) and 61dB (l%lM3). The filter 
dissipates 120mW analog and 16mW digital at 2.5V supply. 
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WTS701 Device Summary 
Single Chip text-to- 
speech solution. 
Available languages : 
English and Mandarin CMOS 
PWM digital audio 
interface Digital Flash 300k 
Speaker Driver Bytes 
SPI serial control RAM2k 

Area: 8.7 x 9.2 mm 
0.5pm triple poly 
double metal Flash 

MLS Memory 6M cells 

interface . UCC 2.7- 3.3U. 
Isb lOpA 

For more information see http://www.winbond-usa.com/ 
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Technology 
Filter order 
Output Sampling Rate 
Input Sampling Rate 
Center Frequency (fcmw) 
OIP3 
CMRR ( G f c e n t e r )  

Supply (Analog, digital) 
Analog Power 
Analog Power I Tap 
Digital Power 
Active Core Area 

0 . 3 5 ~  CMOS 
l5-tan FIR BPF 

IOOMHz 80MHz 40MHz 
71.25MHz 5?MHZ 28.5MHz 
22.5dBm 23dBm 26.4dBm 

53dB 54.5dB 56dB 
2 . N  3.3V 2.5V,2.5V 2.5V, 2.5V 

120mW 120mW 59mW 
8mW 8mW 4mW 
37mW 15.8mW 7.8mW 

2"' fTlH + BPF + CLK) 

Conclusions . A 2.5V HF SC interpolating BPF in 0.35pm CMOS . High center frequency: 57MHz (71.25MHz) . High output sampling rate: 320MHz (400MHz) . High filter order: 15-tap FIR 
High dynamic range: 69dB (I%THD), 61dB(l%lM3) . Low pattern noise: <-70dBc, (120 pV,,,X.otal 
Low mismatch-modulated effect: <-72dBc 
(by phase skew and parallel-path mismatches) 

. A novel scheme for DDFS systems . Sampling rate increase + Frequency-translated filtering 
Suitable for other high-speed Analog Front-End 
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eIDD=2 6mA @VDD=5V 
+THD=O 1% @ Po=IW, RL=8R, f=lkHz, VDD=5V 
+THD=O 3% @ PO=lW, RL=8Q, f=20kHz, VDD=5V 
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(Standby Current) d Samples 467 

+ Average 2 6mA (Spec 2 5mA) 
* Standard deviation 0 34mA 
+ Buffers offset & AQC effect on IDD 3 ignorable 

Power Dissipation 

WPoUerlY 

9 Power increases at 20kHz since AQC is turned on 

Supply voltage: 
IDD: 
Offset: 
THD+N: 

PSRR+: 
Maximum Efficiency: 
Process: 
Chip Size: 

2.6 - 5.5V 
2.6mA @ VDD=S.OV 
5.lmV @RL=8Q 
0.1% @ Po=l W, f=l kHz 
0.3% @ Po=l W, f=2OkHz 
71dB @ IkHz 
65.1% 
0.8pm BiCMOS (1 poly, 2 metals) 
1810 x 1580 pm2 
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