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Abstract

We developed a base station modulator ASIC for CDMA digital cellular system. In CDMA digital
cellular system, the modulation is performed by convolutional encoding and QPSK with spread
spectrum. The function blocks of base station modulator are CRC, convolutional encoder, interleaver,
pseudo-noise scrambler, power control bit puncturing, walsh cover, QPSK, gain controller, combiner
and multiplexer. Each function block was designed by the logic synthesis of VHDL codes. The VHDL
code was described at register transfer level and the size of code is about 8000 lines. The circuit
simulation and logic simulation were performed by COMPASS tools. The chip (ES-C2212B CBM)
contains 25,205 gates and 3 Kbit SRAM, and its chip size is 5.26 mm x 5.45 mm in 0.8 mm CMOS
cell-based design technology. It is packaged in 68 pin PLCC and the power dissipation at 10 MHz is
300 mW at 5V. The ASIC has been fully tested and successfully working on the CDMA base station
system.
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Fig. 1. Modulation in CDMA Base Station.
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Fig. 2. Block Diagram of CDMA Base Station Modulator.
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Fig. 3. CRC block at 9600 bps.
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Fig. 4. Convolutional Encoder (K = 9, R = 1/2).
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Fig. 6. Power Control Block.
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Fig. 7. Walsh Code Generator.
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Pox)=x"+x2+x" +x"+x’+x*+x'+x*+1 (5)
Q

ooz F whe Az ol AREE
71%7] 3 A7) (334 o) 9 7jEHez x|
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PN ==l 215 7Bl PN AlEE AAA77] &M
d<H o2 14709 0 24 =, A7 52k
1 859 4AI5t axfele 08 192 A7)

0 Al Agt& Sasior ek

7. Pulse Shape A9%3} FIR "e] B¢

A Fo] AghEl o] FFAl Aldelx] AlE AETH
Y& 7¥4] (inter-symbol interference) glo] wlo]g]
E Ag3b] fEide Az w343 (pulse
shaping) o] Z&3lc}) o]& Hald AdFr} p/4,
o]E0] 40 dB <l 48 = 1:4 Qe Edeld Mo Ex}
FIR Yel7} Basich o] Pelg dubxjal w1 e
2 F8stei MAC (Multiplier and Adder Cell)
o] HaslA ol =it Hele] Y Fulrl 49
MHz & w=i& o, 48 =12 MAC 94k <Al A
£ o] MAC o] dash] HEg o] AA wle
AARA ] wl$- Axe whde] k. webd B A7
oAM= A Aol zhdsla Al AHE A 5 9l
= look-up table ] 2% FIR HEe] A ukalg )
islgdct o] WAl [ook-up table & I % Q phase
o] FIR Fel7} FHFo2MN, 7|25 Hzr|e]| AHE-=
= 4 718 FIR "% 2 A2 &Y 4 ok A e
742 a1 9lek

=

S
i

(7

E3ME CRE £2% 7
LMFA 11'2:8»;"4‘5 6|78 Als
1-mu123\1j5:t:e78 AlBlo

03 8. 48 = 1:4 qle]Z=o]ld AYE3} FIR IE
Fig. 8. 48-tap 14 Interpolation Low Pass FIR
Filter.

2% 82 look-up table -& °l-43led I & Q phase
o] BEEE FAll AMelshs 48 9 114 A Feeld
el & &3t Zeolck 48 # FIR AeEeolad e
£ stuglelz &gk o) 43 Ao Alre 4 OF (2
F& 12 ) o2 vl HyElel s, 2lE
FlolA alatellide] 0 APl slesleir oz Aeld
7HA7F @7) wigelch wekA 12 0} gl wjolefel
el 48709 A8 4 2522 Ve 12 A4 Alge}
Axkd "e] ZHo] ARG

1.2283 Mbps 2} 1 B1E [, Q FE] 31 dlojele 2
el 12 & AZEdAAER €=, ZF 7ke] 12
& AZEH22EE 6 vER A 2 7l (ow,
high) o] oz=d~E 23l ooy [ 2 Q ¥
dolEl= 7bzt 12 nlEL] oj=dAg ZHs)A| =i}
o714 1/Q AlFE= 9.8304 MHz & 3kl A 4]
324, 1% Q o=d2E Adike] gely 1 79
dlolelr} ¢ == ot 8 W Exbsle 1/Q AlEel 9
A 12 Q ol=dart wizol 7pd 4 Wiy Adelgc)

2 709 Look-up table &= 2702] 6 5 A|ZLE &
2| 2Elel 9= dlolele} Hel Alpe] qdabola] A
T dE BEE AA Al RE gejddt %
(partial product) ©] Ao glem 7} table?] o
zdxE el Ag 25S A9ske 2 v)Es} 9y
dle]elel] 2J3t 6 ¥]EE 3%t 8 v]ER Xt HE
9l E=ke 2 709 look-up table (= 256x11 bit
ROM) ©f AAt=lo] gl ¥ "Hejddil 38 11 ¥l
7H71R 38k Zlelnh 1 % Q phase FIR HEl9]
=3 dlolel&-& 7t 7+ 49152 Mbps °1A]v 1/Q 4l
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© 98304 MHz 7} e} o714 2 v} Ales
look-up table 7]+ 4 x 26 = 256 Y= (1 Y= =
11 ®|E) ojck

8. Gain Stage &%

HEz7le] 44 EHe Aoldr|gs] CPUE <)%
(gain) #% AH8gk} FIR ¥E)e) 9 nlE Z¥e
CPU ¥ #Hsk= 7 v|E] o5 gl Faxl & 29

Hepel 8 vlER ZHEch CPU 7} Asle o] & ke
AubE]al o] 5a} A Ae] w|Es} uffih ALg-E]
o ARA S o]Egle] rk B FuE FIR ¥
Ele} vl kR 2 9.8304 MHz o]ut.

3hte] F)x)=e] sl A (cell) 2 3 749
2 vE3 olg = 7b el wvked B3hE 9
ER AR sl o) Fol| el Ak 2 e
HE)E- daksbrs QPSK WxE fsfo} gt} e}
A 7|AE Wzrlels 2 2572 QPSK #HERE FAd
FaE 4 gl 2 sl QPSK B3 (scction 0,
section 1) o] 7%k & 4432 ghollx 7]%3d 4
AMzz], PN o A347], FIR €8 % Gain Stage
TAEE, olzlgh Aide] Wxr] ASICUS 2 7l
Exgcl E2 CPU & g 7F Aol Algse=
A|~E 3k (YA ol=d~ PN wka= 3 Gain
52 AR E 4 9ok

9. dlole] A ¥ 5 A= 89

71A| =] Fdshe A& a, b, g & 3709 AEE -
Ak o]EatE ZAHWelA ZF AEjAle] S o] F3)
A HBRE 7|R]5elA Aelel dlolels A3
oft gietk mgk o] Fo| ME|7HS FEs ol
2 Aoy AZE viEA Wad delels ey 2 A
Elol] 25 AfajFoiof g}

weba] 215 9. of zho| 27)9) M E3-S 3] 4
HZ A7) A3 2 clExer|7) desid. CPU
= 7 AR 2 uE o] Auiss dudshed,
"00” old 3 Mefol| '0'-& HEA7), 017 o] 7
AA0" 9EH-, 71070 "AAd17e] £3-E 117
TR0 2 AL o] e ASAlEIek 8 BlES] A4
FHo] JMiElng #HF EHL 9 v|Er] X} 78,
ol5=o] a ¢ b Herle]lE AptAIE, A 0 & a
HElE 213 A 1 2 b HEE 93 e Yr

D 2eg
I a b g MRS SEAY] AMAsE 7 7 1,

z] 2]

1O ¥

A

=
I
=

L .=
-

CDMA o] 5% A|4"l4 7|25 W] ASIC 44 4 T3

¥ "4

11, 00" 224 a, b Aol A4 0, 1 ¢ o] &4
23, g ol 0 o] =)

'n-O;[ FIR Gain sl a
- S0 4:1
fiter Stage SUS"‘, _B| Selector
§ s = a1 (B
® SUS;' . Selector
(o2 B |
e FIR | [ Gan o B 41 B4
filter Stage > 5B Selector
QOutput-cantrol

38 9. dlele} Ag ¥ oA/
Fig. 9. Data Combiner and Multiplexer.
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7|1A= WarleAe] =8 Aol X159 elo]uld A
28] golul §1EH ele|y, 2 W eloly] o2 F
& = ek 7RIS Ala"lY] MBS AAd" v
i H2e] F7)e 2 o, War]E 80 ms 7 5]
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71, A Mzr] 2 I/Q PN AA7] £ 50] Fr|sln
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FH.og2A, dole] Mg Fa Zed 492 ql¥d
o}k gl Z#”)e] dlele] = 192 v]Eo]R|Rl vz
4 dHo|el9 4= 9.8 MHz & 9 H|E 4 =g
2z 196,608 x 9 B EZ} FH= ulgy &
H dlofeli= ZAld 719 20 ms EQbel] F EE
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CPU oAl diele] 27)& #43h= <HyE A%
(ENC_INTB) & 8 = 7] A3 ¥r} 2ms
A Ao Btk CPU & ©]% 1.6 ms Wol| ¥
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tle[EE 8 HIE 4 wzef] Ae] nlic} melh 7))
= AzdeA] WE77E CPUE A3l
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20ms % 1.6 mso} WHEr] W] dxag ¢7] %
27)ofl AMEE]E AJ7tolth

B glo]Hel glojA 71 83 A2 aleele]
27) g 47| AMelBA], 3 =ZHY e ¢r] Z 2
717F FAlell aEojok 37| witolrk o] sAAL
8 = dlojelrl B Az wlell =] wim
2lof] 2{AEe] glrkes & o] &= Aolch ey
2] 37] AlelXlE= 192 kHz & 53—}'?'5}‘151 1 =
I 384 7He $7] AleAlEr A= o] F AS

2 719 ¢7] Az shellA 7] AleiAzrt 192 7Y
A A=z 384 vEL =y dlo]elr} 192 7Y
# 2 Wl AAH <lejeime] BT 2odzich E 1 o
HEo] olejein] 2279 Holy Fu4== 19.2 kHz ©]
ARk, B2 FaE 49 MHz olth vlabr xR QlE
gl#] 2£719] gfellA] s CRC ¥ ARH37|=
Hlole] Fabpi= 19.2 kHz ©|AqE T3} Fak 49
MHz o]ofo} ghe}. <lelaf¥ ¢7|i= Alad] ZHgl &
71 &6l o] AltElRg <lee]n] 27 o] Hrt
SHMA AEkEIch & 9l 9] E) Alsdc) 04
ms SFA1 reflA] fﬂEiaer zHY E7] AlErt HAE
o], CRC, 2% +37] 2 aleeye] 7] 528 =
713} Aj7le)

2z EeoA] % A7) 1.2288 MHz
2 ZAksln), ~3d8e)e olejen]e] 97| vided
192 kHz 2 323t} HAHygS ohg A9 Aok
Al7E o] A ArE 2 Aol uf Y
MAzg 71 wich gy aggick HY Ao 1F
o] F7)+ 1.25 ms (f = 800 H2) & 1 =Z=g) F]
o] 1/16 olvt wehd shle] A# Aol 1FUe] 24
(= 384 / 16) 7| <lefe|H & wis), 192 kHz &
FAS 2401 A Holelol] o3t o] Fah=ict
YA wizr|e] FaFaa= QPSK 5389 1 % Q
phase PN & A4d7]e] 52 Fubfe} 72 1.2283
MHz olc} ulepx] Eshade] 1 = delee
24576 (= 16 x 24 x 64) H|EZ A=}

HAXE 14 QeEHelAd FIR Ze9 Exbel] 9le]
A}, 1 2 Q phase ¥ 2z} 7}e] 52t Fabg= 49152
MHz o]x|qt B dollx] AAE look-up table ¥
Alo] gej=1 9 Q Ade] HE g #Hol 7y
EPA7122 2 FaE 9.8304 MHz ©lt} Gain
Stage, dlolel At 2 obF xer]9] E2F Foen
1] 98304 MHz olH, o]7le] ¥Wlzr] ASIC e

Z H
157] 5
.\=_’-

F3E OB B2H g
52 Fpole,
19 A)ted S

Table 1. Operating Frequency on Function
Blocks in Modulator.

71s B9 diole] Ful=| 3 Fabg
CRC 19.2 kHz 4.9 MHz
Convolutional Encoder 19.2 kIlz 4.9M11z
Interleaver write 19.2 kHz 4.9 MHz
Interleaver read 19.2 kHz 19.2 kHz
21577] H-& A 1.2288 MHz | 1.2288 MHz
64:1 Decimator 19.2 kHz 1.2288 MHz
Scrambler 19.2 kliz 19.2 kHz
Puncturing 800 Hz 800 Hz
Walsh Covering 1.2288 Mz | 1.2288 MHz
I/Q PN 2 AAl7] 1.2288 MHz | 1.2288 MHz
FIR filter ¥ Gain Stage | 9.8 MHz 9.8 MHz
Combiner & Multiplex 198 MHz 9.8 MHz

Boms sync [
20ms sync __J L —_—

T zomsenc wre

M oty

20ms interleaver sync
—lomitdam——(roz0n ) (o250 )
interisaver Ill]m I“n'ﬂl
EM'Q'@M ]_kkﬁA [ ‘__]1

_interleaver output J—h&&z - — A,,“ﬂ_u ——

_ﬂ1 2268 MHLrL ﬂ H

ﬂ"_’ﬁmmmm ﬂ mmmu L

rHUHHUUlﬂﬂﬂRJUUlﬂJLﬂHHﬂMUUUUUWUUUUm

33 10. 78 Ale] A159] eloln]
Fig. 10. Timing diagram for main
signals.
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PASS #}] VHDL #H¥jele] 2 elo|) AJEdolg



10 CDMA o} ¥
(gsim) olck 71 VHDL Fze] FE7A}e) =g

4> VHDL #HopdelE o]8-48 Fasla, =e|gA
Al Alo|E HHle] =2|EE o|83jed el AlE
Aol A& asldch

=ejgAe] 7esles 719l HRA e Bl
gl VHDI 7148 538318ler, COMPASS
ARl ASIC Alzfolveie]g AA AMsP) 3lsle] 2
EZ#A (structure) #HWe] 7|ex Wit 7eg
VHDL Zoly= 2oF 8000 kel (line) o]t}
Wzr|3 AR, 7lsEe e 7158 VHDL 59%
| gAdsla olF i HAr|eA 3, dAshd
A, sle A dA F BRIz weEle SaEledvh

7N ZF WEr] ASIC € 08 mm CMOS CBIC
(cell based IC) 7|2 AAIBIcE AAE wxr]
ASICS] ERd=E 33 A =7+ 526 mm x
545 mm °lv, A48t 3T oF 25205 Alo]Ee| =
glzlzel 3 Kbite] SRAM elth B2t Fulps
9.8304 MHz o]u. #{7]#xl+= 68 # PLCC (plastic

chip carrier) ¢lt}. # 2. o} CBM ASIC

o Fo ExL slasigdon 3 11 o= AxkE
71X Wzrz) & (ES C2212B CBM) ¢ ARAlE B
ek

E
S

:rr:g]

leadless

i o] Ezl

x 2.CBM ASIC ¢ 8
Table 2. Typical Characteristics of CBM ASIC.

AA71% | 0.8 mm CMOS CBIC
<k 125,000 7H2] ez 26
A2} 3L - E=RRR 25205 AlelE
- Static RAM : 3.0 K ¥|=
A v
3} 7] 2] 63 ¥ PLCC
29 Fa | 9.8304 Mz
St Mot + 5 Volts
| xw oAy 300 mW at 10 MIIz
Azt 3 edpgellA] g CMS-BTS 71A|% A
2o AARE pasledel. Z1AS Al aRle) 1)
W FleoA M- Foldd Qualcomm ARe] 71A]=
#7]9] BSM (Base Station Modulator) ‘Hﬁloﬂ
COM & sl a1 e A8, shs
57), el 2 B3 Apdeld A ERE 3ls)
ack A AF-E Trillium S ol g8l Fsisiale
o, ZwAH e 5V o) A3kelA o 300 mW olck.

EA A 2"4 7123 2] ASIC A 2 7E

B

a2 11, 71" HEr] 3 (ES-C2212B CBM) A
Fig. 11. Photograph of Base Station Modulator
Chip.
V.2 B

CDMA Tt & o554l Alxgle) 7|x]5 wizr)s
VHDL 7|58 8 =elghdel 2sie] dAl 2 At
slgivh. VHDL & +=e|3iie] 7bs3t=s g% ~H
Edlas dlod v|gsiolod, 7led 329 3 2

= oF 8000 eRlojck AR T8 Flsde Ay

°|

F371, €A Wzr], 94 akg 2], QPSK &
solch

7)A]= Wx7] ASIC & 0.8 mm CMOS CBIC 7]
Yoz Aatsiedc Aakd wizr] ASIC & e =
717} 526 mm x 545 mm o]u, Eliﬂl arle
95,205 Alo]Ee] =3 @e} 3 Kbite] SRAM olch
b 98304 MHz oln) #7)1Al= 68
PLCColt} 4:mA32 zigte] 5V o oF 300 mW

o]tk

BoAFe EAHEe CDMA ol5%544 34l ASIC
AA7eS gugesd, &F CDMA 7€ 9 A%
< x| fgk we vhelsked gk B e
19984 ] Fulolld] Au) oAl 2 ZHQl B4l

A2l CDMA ¥H)2] PCS (Personal Communi-
cation System) A]=Elee #8o0] 7153 FPL-

MTS (Future Public Land Mobile Telecom-
munication System) gellk 588 4= glrk Yo

Siel Azl A 7]ge] dabEle] S2bH el CDMA
Al2g)gs 7k B 2 o] A3t iyl ASIC
Al 24 S8 s AR 7Rk
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