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A Monolithic  Common-Collector  Front-End 
Optical  Preamplifier 

MARTIN J. N. SIBLEY, RODNEY T. UNWIN, DAVID R. SMITH,  BRUCE  A.  BOXALL, AND RICHARD J. HAWKINS 

Abstract-A monolithic transimpedance  preamplifier  has been  de- 
veloped having a  common-collector  cascode  configuration  with shunt 
feedback, using an advanced  bipolar IC process. The measured sensitiv- 
ity was -35.0 dBm at 140 Mbit/s for an error rate of lo-' and a  p-i-n 
photodiode  responsivity of 0.5 Am. 

I N BIPOLAR optical  preamplifiers it is common practice to 
employ  a  common-emitter  front  end  or,  where Miller capac- 

itance is to be  eliminated,  a ca.scode input [l ] . These  configu- 
rations  do, however, have a  disadvantage in  that  the preampli- 
fier -3-dB  bandwidth  depends  on  the  base-emitter  capacitance 
of the  front-end  transistor (C,,). In addition,  the  base- 
spreading resistance (&, ) can significantly affect the pream- 
plifier transfer function,  and  may even result in a  two-pole 
frequency  response if r;bl is high enough [ l ]  . Both  of  these 
disadvantages  are  overcome,  together  with the elimination  of 
Miller capacitance, if a  common-collector front end 'is em- 
ployed.  A  previous  paper [2] has demonstrated  the  usefulness 
of  this  type  of  preamplifier  input in obtaining  a receiver with  a 
wide-band  response. A common-collector  common-emitter 
feedback design  was constructed in discrete component  form 
and  was found  to  be suitable for 140-Mbit/s  operation. 

This  paper  describes  a  directly  coupled  preamplifier based on 
a  common-collector,  cascode design which is also suitable for  a 
140-Mbit/s receiver. The  complete receiver is shown in Fig. 1 
and  the  components  shown  within  the  dotted  box have been 
fabricated in monolithic IC form  at BTRL.  This design, 
unlike the earlier one [2] , has  a single-pole response which 
would also enable  the receiver to operate  at  bit rates in excess 
of 140 Mbit/s  by  employing  simple  equalization  techniques. 

The design  was fabricated in monolithic IC form in order to  
produce  a  low-cost  optical receiver for  high-speed  data  bus sys- 
tems,  and  for  optical local-area networks.  The  monolithic IC 
preamplifier  has given reduced  stray  capacitances, resulting in 
an improved  frequency  response.  In  addition,  the circuit has 
been  fabricated using a  proven  bipolar IC process to give a  high 
reliability compared to conventional p.c.b. or  hybrid designs. 

The  cascode stage (Tz  and T3),is biased by  an  emitter fol- 
lower (T4) fed from  the diode  chain T, , T,, and T7. The 
emitter  currents  in  this  part  of  the circuit are designed to be 
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Fig. 1. Optical  receiver. 

2 mA to ensure identical Vbe values. The  voltage gain of  the 
cascode  may be externally  adjusted  by  varying Rc. Resistor 
R1 ensures that  the cascode bias current  (and  hence  the 
second-stage  open-loop voltage  gain)  is  close to  the design 
value  regardless of the  exact vbe values of  the transistors. 

The  closed-loop  pole  due to  the cascode stage  is sufficiently 
high (220 MHz) so as not  to affect the preamplifier  -3-dB 
bandwidth.  Thus  the  closed-loop  bandwidth is governed  by  a 
single open-loop  time  constant given by (1) 

where 

R h  open-loop  input resistance of the receiver, 

r, element in the  hybrid -71 transistor model, 

C, bond pad to  substrate  capacitance. 

=Ydbl +rrl ' hfel (Rel 1 1  (rhbz' rzz))j 

e, = e, ' e, 4- e,, + Cf, 

We also define A l  and A z  as the  first-  and  second-stage  open- 
loop  mid-frequency voltage gains, respectively, and A .  as the 
closed-loop  mid-frequency  voltage gain between T ,  base and 
T3 collector. The  closed-loop  transimpedance Z,(s) between 
these  nodes is  given by (2), where A.  can be  taken to  equal 
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T A B L E  I 
DESIGV PARAMETERS 

T1 

IC1 
= 0.64 nA Rel = 1 . 2  kc Re*  = 800 R 

hfe, = 185 R ~ ,  = 88 a Rb = 1.8 kn 

r ’ = 415 R 
bb I 

RC = 220 R Ro = 253 R 

fTI  = 2 GHz R, = 1.9 kn Rf  = 9.4 kn 

C c l  = 0.15 pF cd = 0.8 p~ C1 = 100 nF 

Cs = 0.3 pF ’ Cf  = 0.1 pF 

A, = 0.96 A 2  = 21.07 A. = 20.16 

A l A 2  

-A o Reff 
zc(s)= 1 +sReff(Cd+Cs+Ccl +(1 +Ao)C’) (2) 

where R,ff=RkII(Rf/(l + A o ) ) .  
By using the design details given in Table I the preamplifier 

-3-dB bandwidth is calculated from (2) to be 107 MHz. As a 
comparison, the closed-loop transimpedance  for an equivalent 
cascode input design, having a single pole response, is  given by 

zc ($1 = 
-AoReff 

1 +SReff(Cd+Cs+Ccl +C,1 + (1  +A,)Cf)’ (3) 

In general, C,, has the effect of reducing the  -3-dB bandwidth 
considerably. 

At optimum bias, the SIN ratio at  the  output of the prede- 
rection  filter is at a maximum (3). In this design, T1 has a 
base current of 3.4 pA as opposed to  an  optimum value of 2.5 
PA. This only  incurs  a small noise penalty  particularly as the 
thermal noise from Rf is dominant in determining the receiver 
sensitivity. 

The emitter length of T2 is twice that of T1 and  tlus results 
in a relatively low base spreading resistance of 153 i2. This 
value of rib, together with  the second stage shot noise, de- 
grades the sensitivity by 0.3 dB. This  degradation  could be 
reduced by optimizing the IC process for lower values of rib. 

The advanced bipolar process uses a  double diffused struc- 
ture  with a 0.15-pm basewidth. The small feature sizes (3-pm 
emitter, 2 - w  base contacts, 1.5-pm recut  emitter  contacts, 
and 2.4-pm-wide titanium-gold metallization) were all defined 
by electron-beam  lithography [4]. Care  was taken  in routing 
the metallization  tracks  within the IC in  order to minimize the 
capacitance to ground at  the  input node. The IC was mounted 
in an 18-pin chip carrier, and the complete receiver constructed 
on PCB  using chip resistors and  an HP 5082-4205 Si p-i-n 
diode having a responsivity of 0.5 A/W. 

The p-i-n  was irradiated by  an 850-nm GaAlAs laser and the 
bandwidth calculated from rise-time measurements was 100 
MHz. The optical  dynamic range was measured to be 20 dB. 

Fig. 2 compares the computer  predicted  and measured trans- 
impedance versus frequency responses, and also shown are 
the spectral densities of the  input equivalent noise current 

Fig. 2. Transimpedance and  input equivalent  noise current spectral 
density as a function  of frequency. 
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Fig. 3. Measured and  predicted  error  rate as a  function of mean re- 
ceived optical  power  for a data rate of 140 Mbit/s. 

(Seq(a)). The measured frequency response was obtained by 
irradiating the p-i-n with an unmodulated high-intensity edge- 
emitting GaAlAs LED (such that  the p-i-n diode shot noise was 
far  in excess of the preamplifier noise). Under this  condition, 
the  output of the preamplifier, as measured using a  spectrum 
analyzer, corresponds to  the transimpedance versus frequency 
response. As can be seen from Fig. 2 the bandwidth  obtained 
by this method correlates well with the bandwidth  found from 
the rise-time measurement. The input equivalent noise current 
spectral  density was found  by dividing the measured output 
noise voltage by  the measured transimpedance. 

Fig. 3 compares the predicted and measured error-rate per- 
formance. The predicted curve  was obtained by applying 
Personick’s theory [SI to  the measured noise characteristic in 
Fig. 2, assuming an ideal raised cosine predetection  filter. 

In conclusion, we have demonstrated  a  monolithic IC pre- 
amplifier based on a common-collector cascode configuration. 
The receiver has a single-pole frequency response making sub- 
sequent equalization and  operation  beyond 140 Mbitls pos- 
sible. The receiver has an optical  dynamic range of 20 dB and 
3 measured sensitivity of -35.0 dBnl at 140 Mbit/s. 
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