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Preamplier design for IR receiver IC

Young Uk Hong*.
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Sang-Kyung Kim. Sung-Ho Baik. Gyu-Hyeong Cho

KAIST(Korea Advanced Institude of Science and Technology)

Abstract - The application of IR(Infrared) com-
munication is very wide and IR receiver has
become a standard of home entertainment.

A preamplifier with single 5V supply was de-
signed for IR receiver IC. To operate at long
distance, receiver IC should have high gain and
low noise characteristic. To provide constant
output signal magnitude, independent of tran-
sciever distance, gain limiting stage is needed.
And to cut-off DC noise component effectively,
large resistance and capacitance are required.
Transimpedance type preamplifier, and diode
limiting amplifier, and current limiting ampli-
fier were designed. It is another function of
current limiting amplifier that transforms sing-
le input signal to differential output signal.
Using AMS BiCMOS model, both BJT version
and MOS version was designed. Total power

consumption is 0.1mW, and IC size is 0.3 mm?.

1.4 £
A Abgdte 74 dold A$LHde AoE wg
R ol &3te WA F Aoz fEHE F& o] &3}

= el At ARE wEnz Algdte A AS5A
2l 7 9w Bsta Bekel A7) 9o izl w)
Atte ZAel Aok, olo ula] HYN B 77}
s, shde] Az, cv|AFHo] gon QA 3
7t Zulsitie Adol slo] ZAY FAHEMAM Bo
AHEE R g dEAHA 2 TV, VTR 59 7134
£ AR &8, He)H TEE AAE PCA
ol (=& PC9 LAN £}le])9] stadd4ro] glrt,

EE9 218N AA $4A3529 AT o5 B
R AAANGE AAEE T, 2.280 AXNZZ7) 44
2L =98t 2.3~25HM 7 NI =2
AA A

M o =

2.2 &

2.1 Al S5M 32

Hg4 44 ZFICY AHA B2dolojadL e
a3 19 Jegug, AA 348 s duad |
A #A1CHNA PPM(Pulse Position Modulation)4
2oz HIFY dolelmz WA BrHzo Futgy)
(Sub-carrier)& ASKW =38l IRED(Infrared Emi-
tting Diode)olA ASKWZH ANEZ 840~960nme) o

[ N
(D b

38k
JiReo

¢ IC

i Hold

/\_{ ! 840~960nm
L—[DetectorL—{ \ r—?——\* %
BPF :

' »
fo=38kHz :

amp |
=8 IC

F4 BEIC

Mlcom

Limmng Pre-
amp

a8 1 AY4d - E5tololady

3 Hojdg o WE
e A E

v Al

WMzsted A$P, FARE
Ice B3¢ Azd HH 4EE Photo-
diode(PD)olA  38kHze] AH71HAZ(AF)IE v
Fi 1 oG AJFANEE AXNFE A SE5 2
dizgEez weED, vy FZ7)(Limiting ampli-
fier)oll Al 4A% AL AdA7Ax AEFEFL 3
BPF(Band Pass Filter)olA 38kHze| ¥-ult3u}
< Hold 13]-—9- DetectorlA] e vlolH Z=&
3] YR E B3 L Doz oz},

100m~10m-4 2 HYE /REE AAse A%
PDAAN EA e NZAFE & 1nA~10pARES 2
710dl, t& @< BPFe 43AL 277 9 mvAy
o] FAvlojolefdtng BPFYZXY o5& Hox
160dB °]’deleiof #td. 948 4159 Dynamic range
7} 80dBF E°]ZE Limiting Amplifiere)A 804B9]
o5 (minimum signal® 2%)& ¢21, Preampli-
fieroll Al 9}’900?3«] Transimpedance Gain(Z3A/
dEAF)E 4= FHE AA o5& v EdEd.

ik u‘?‘r«] A717} W% &A7] W Eol Preamps &
EAo] & Folof st=vl, Preamplifierold &
4 & HAA4AE37](MDS : Minimum Detectable
Signal)& ol 4oz FoZA}, wetM Preamp-
lifiere] W19 Z(B: Bandwidth)°] 10kHz~10MHz 4
o, 48 S-SR R Z7)E 1pAc]stolojot )

ups=1na2| [ S, .(hdr=\ [, S,.(0/ A.df

e oox N
© K

S;:(H: 48 FSHF(Input Referred Current Noise)
S,:(N: 287 F3L(Output Voltage Noise)
A, ¢ 28AY/AEHF Gain

-3124-



(7V)Transimpedance Amp (+}) High-impedance Amp
a9g 2 AXEEY 2§

2.2 Preamplifierdl 2jArg

dutd oz go| AHEHE M £418 ARFErE
g 29 2¢ YERIATH

(79 Transimpedance Amplifier(TZ Amp)S3%
& PDY 48 F71AFe] w)$ ZolM Bandwidthrt
Wrke Aeloh, 38 49Ed PDoA AAE Aft
TZ Amp2 #=® AL B8 £ JFAF[FI 28
Agez wid e Felol

(*}1)¢l High~-Impedance Amplifier(HZ Amp)$l
E4e F ode $E0E oEE A dE 5 o,
£ BiasA#E AH85R2 Ago)A YA Noisedd
ol e etk e 49EE PDoAAM 24%
AHE PDHAL AFE Algsld HYoz uiE og,
Al 1 AYS ohS @ gEaM HFESe gejolu),
Noise54< EH, & J¥HA%4E 7N HZ Amp
P53 548 130 a8y PDYl & DCHEFRY
5% 9 HZ AmpS] 98 vlelolart E52A Hol o
%9 Dynamic range’t ZFolzthe w@ol glen,
DCAHE Noise®E WA&r] $gtd Dol Capa-
citance Cz&-¢ 3Bladbd TZ Ampe 100pFE%,
High Impedance Amplifiere 100»FR =] gkol &
ol AA3 srde B BAA U wed TZ
Amp3EHE Preamplifier?d] #+x& A sy
Preamplifier® Loop gain AAAIYL < 04BHE
9 Loop Gaing 7IXE2 AA3c. Phase Mar-
gin® Transient response°l* Peakingel #43A
REET ol e Folydon, Bandwidthi 38kHz
o MdzFusrt 283 54 £ %X E Preamp-
lifiere] A}AFH4{(Cut-off frequency)E °F 100kHz°l
o8 Fol Ft

£

o

2.3 Transimpedance Type Preamplifierd#]

ARIA 22 Preamplifiers] CEF &Y Differential
TE2E ALEEHE olft, AY - AFlELE 2R A
Y&, & DdeljA LA Noised] Hakol ojd &
o gL FA %7 WFolct. Differential 72 F
el Transistor® A7) @& CEZZET r,0
2| Noise v TE NoiseBAol Holziche wHol
QA %, DC =5 ACAE NoiseZ7l E912& A%

A
Yy

L
- ,;t
= Ja
T

o, Gy ¥,

P '[V“‘ (]

1% 3 Transimpedance type Amp

A
Y
el
ks
AA
¥

J

V%
g -
o |

PD$ Preamplifiere] nlejolxzt k@A oz 3t
Differential#%9 1oad®l FH%& Resistive loadst
Active load7} 9lth. Active load¥ Load transistor
9] noise W&o AR Preamplifiers] NoiseE4o] v}
WA 22 Resistive loadS AM&3IH T

BJT, CMOS9 %71 845 (Input referred noise)
& vimsl Bd, CMOS4&at 1/f noised ol BITE
o} var] w§ol] AFael e NoiseFAol BIT7 +
#3828 CMOSY A%=, 98 EdA2ge @F L
7199 noised) FFol FA=H FAdo] FoAT. TZ
AmpE A48 sl 9 SR FE ol 2o

Sap= S, N+ s,,;wx{w( Cut c,m>+«‘,§/+—l——

7 ampin
SiL(h : Ampdl S/t AEBEAF
S, (p © Ampd 57t AFLSAY

Vomsin + Amp2 Open-loop ¥F A

g 2" 394 A B2E Vel Bias Re-
sistor RpE°lE48td PDE DCHOozZ npolojx 33
i, Aze zvEG @4 2 DC noise current’}
Ampolr HEHA FEB Ry Cz2 Filtering 8
@t}. Preamplifier input Referred Current Noise
= 0.88pA/VHz, 984dB9 Transimpedance Gain,
150kHz9] Bandwidth, 28.84B¢l Loop gain, 70" &
Phase marging 7}

2.4 Diode Limiting Amplifier&2l

7t 2 Hr)e Aze] e 80dBA Gaing AR
Z Limiting Amplifier® AAstodol g}k, 100kHz2
Bandwidth® A3 80dB Gaing ¥ ol @7
b A ol 40dB Gain® 7}XE Non-inverting
Op.Amp ¥ ©& Cascade®@Z et HAsA}. old
@9 Output DC offset voltage®W &l & @2l DC
bias7} EEEA ¥EF 7t & AlelE Blocking Ca-
pacitor Cp& #olFojot stdl, ReHz VEFHSF
AEAA Cut-offAl71A] 71 e Cpot g 2
9] dEAT RL2 o|FoAA = AFFrt Aok §.
ZEAGADR L dole=e FAYLE ol 83l &9
Swing® ol 222 Turn-on Voltage® Limitingst
2t Limiting=8elA StabilityZ#7F 42 & glo}
Z Phase marging 2AHA g oM 2 Gaing

-3125-



]
0%

A
X0¥O!

P\

ARy
T

e
AN ¥
o lowez | 'Bnez

i
! i
DD < D
'am\r/ ‘r”s‘\j/ vﬁ;' _\B“Z \"’Z-l

2% 5 Current limiting amplifier

dg § U= A9 29 49 Folded CascodeTA o2
Op.AmpE T83ITF. 40kHz2] Closed-loop Gain,
94° 2] Phase margin, 40dB%] BandwidthE& 7}3th.

2.5 Current Limiting AmplifierdA|

BPFo Zgd8lcl & 4A1&+2.5Ve Referenced g4
ZIELR W0mV,., swingg 7HAE AFLzoltt w
g oA7tA] FEE dUYHAIIZE AFEYPANIE
vhEol UM, & FEIA 200mV, 272 AT
3t B 28 dAgor @k fe 2¥ 5dlA ol 7%
£ FEsded, FHALY AR Igy.x RAL2
o]FojAH, Qs~QnE °lF9A = Common-mode
feedback® E3l 2.5V ReferencedA4& F4oz &
Ho] SwingdtAl 3ATH °olH e DC offsetd] F3F
Zo}7] 93 A¥Y R E ¥l Input linear range
W0mVE 719 FE WA Gain —12dBE E3]t}.

e nje

3.8 &

#lel 2% 691 TZ Amp, Diode LA, Current LAZ
2% AN AXNFEde] E2EE AT, 1664B
o Gaing 7KKE2Z 1249 =79l &L Photo-
current74A FEZ2& & Yok A9 Y 79 ol RH
TZ Amp, Diode LA(1), Diode LA(2), Current
LAY £3(+/-), 2812 HZF Differential 99
Transient®}8# Gaing Jebct BITYH MOSE
Ztzy Apgate] dAEY 3, 213 89 LayoutS JER
A} 0.1mWARH S 25310, AA 7 0.3 sem T},

2™ Dioge Curent
Limiting Ao Limiting Amo

(s
: %]
219 6 AA Preamplifiers|2 2=
1Bam o CTURRSTIN) - VT e apg = ABIGOFEMEST) ~ W
S oea ~
> @ 9.9
= —158m >
-200
s amp e /NASTY
~ 3@ v dBIG(VFCnelSTa") - v
o 2558 -
~ e,
2,479 z -2e \
6o vt SretSTS ™~ —sa
Toasme b se e dEIOUPFCTMat252) £ UF
T ozave L
re] w0
378 o0 D122 d / \\
- - B "
S zee >
To1we ng =i OB2B(MF(natad) 4 vF(
38 - /peted ;; w0 /’\\
T oz A vl N
~oee
lag _*: UBZOMNR(“/nel167))
spa 4 /meE (~. [
T L —43.2 R
2. e [ 1Y 100
oo ﬁm:u(o.: ) - treq ( Wx )
G 136 3047 28205 Sope: undafrid

a4 7 4% 9%

3% 8 Preamp (ZHBJT(L), (4)MOS(T] Layout

2z d)

(1} P. R. Gray and R. G. Meyer, Analysis and De-
sign of Analog Integrated Circuits, 3rd ed. John
Wiely & Sons, Inc., 1993.

(2) G. N. Nasserbakht, “A Monolithic GaAs-on-Si
Receiver Front End for Optical Interconnect
System”, IEEE J.Solid-State Circuits;, vol. 26,
no. 6, pp. 622-630, 1993.

(8} T. Suzaki, ”“Si Bipolar Chip Set for 10-Gb/s
Optical Receiver”, IEEE J.Solid-State Circuits,
vol. 27, no. 12, pp. 1781-1786, 1992.

(4] C. Wang, "A BiCMOS Limiting Amplifier for
SONET OC-3", IEEE J.Solid-State Circuits, vol.
31, no. 8. pp. 1997-1200, 1996.

(5] TSOPIx IR Detector Photomodules, VISHAY

Semiconductor

-3126-



