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A 122Channel ,30 Gb/ s ,0118μm CMOS Front2End Amplif ier
for Parallel Optic2Fiber Receivers 3
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Abstract : This paper present s a 122channel ,30 Gb/ s f ront2end amplifier realized in standard 0118μm CMOS technol2
ogy for parallel optic2fiber receivers. In order to overcome the problem of inadequate bandwidth caused by the large

parasitical capacitor of CMOS photo2detectors ,a regulated2cascode st ructure and noise optimization are used in the

design of the t ransimpedance amplifier. The experimental result s indicate that ,with a parasitical capacitance of 2p F ,

a single channel is able to work at bite rates of up to 215 Gb/ s ,and a clear eye diagram is obtained with a 018mVpp in2
put . Furthermore ,an isolation st ructure combined with a p + guard2ring ( P GR) , an n + guard2ring ( N GR) , and a

deep2n2well (DNW) for parallel amplifier is also presented. Taking this combined st ructure , the crosstalk and the

subst rate noise coupling have been effectively reduced. Compared with the isolation of P GR or P GR + N GR , the

measured result s show that the isolation degree of this st ructure is improved by 2912 and 811dB at 1 GHz ,and by 811

and 215dB at 2 GHz ,respectively. With a 118V supply ,each channel of the f ront2end amplifier consumes a DC power

of 85mW ,and the total power consumption of 12 channels is about 1W.
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1 　Introduction

As tele2 and data2communications are rapidly
developing ,optic2fiber networks are being widely
implemented. The continuous increase in t ransmis2
sion speed has motivated the design and implemen2
tation of high speed , high capacity optic2fiber net2
works. These performances can be satisfied by par2
allel optic2fiber t ransmission systems.

Our 30 Gb/ s parallel optic2fiber receiver con2
sist s of 12 channels wit h 215 Gb/ s per channel .
Each channel includes a f ront2end amplifier com2
bined wit h a t rans2impedance amplifier ( TIA) fol2
lowed by a limiting amplifier (LA) . At such a high
bit rate , t he amplifier can be manufact ured easily
by using a GaAs or a silicon bipolar technology ,
but wit h a higher cost . Advanced CMOS technolo2
gies are at t ractive f rom t he standpoint s of integra2

tion ,power ,and cost . With the feat ure size scaling
down to 0118μm and below , CMOS technology is
becoming t he most interesting process for optic2e2
lect ronic integrated circuit s. So our 122channel ,
30 Gb/ s parallel f ront2end amplifiers are designed in
0118μm CMOS technology.

2 　System structure

As shown in Fig. 1 ,our 30 Gb/ s parallel optic2
fiber receiver includes 12 parallel channels wit h
each channel working at 215 Gb/ s. The system con2
sist s of a micro2optics module ,12 parallel p hotode2
tectors ( PD ) , and 12 parallel f ront2end ampli2
fiers[1 ] . The micro2optics module couples t he opti2
cal signals f rom 12 parallel optic2fibers to 12 paral2
lel PDs. The parallel PDs convert t he optical sig2
nals into elect rical ones. The parallel f ront2end am2
plifiers amplify t he small signals f rom t he PDs wit h
a high enough gain but a low noise factor .
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Fig. 1 　Parallel optic2fiber receiver st ructure

3 　Design of parallel front2end ampli2
f iers

　　There are 12 front2end amplifiers in parallel. Each
amplifier consists of a TIA ,a single2end to differential
converter ,and an LA ,as shown in Fig. 2 ,where IPD is
t he outp ut current of t he PD ,and CPD is t he parasit2
ical capacitance of t he PD. The TIA convert s the
weak current detected by t he PD into a voltage sig2
nal . The LA amplifies the voltage signal of TIA
and boost s t he signal swing to logical levels.

Fig. 2 　Principle diagram of f ront2end amplifier

Twelve parallel f ront2end amplifiers in CMOS
technology share a single silicon subst rate ,and the
signal of one amplifier enters anot her amplifier by
subst rate noise coupling. Interference or crosstalk
occuring between t hese amplifiers exacerbate the
sensitivity of t he receiver . To decrease t he interfer2
ences between amplifiers ,t heir isolation st ruct ures
are designed caref ully. The design methods of the
p reamplifier ,t he single2end to differential convert2
er ,and the L A are given in t he following sections ,
and t he isolation st ruct ures are also discussed.

3. 1 　Design of TIA

The outp ut current f rom a PD is very weak ,on
t he order of a microampere. To amplify t his weak
current ,t he TIA must be optimized for minimal e2
quivalent inp ut noise current to achieve maximal
sensitivity. The bandwidt h of t he amplifier is deter2
mined by t he data rate wit h consideration to t he in2
fluences of noise ,inter2symbol interference ,and jit2
ter on signals. A smaller bandwidth corresponds to
a smaller noise ,but to a bigger inter2symbol inter2

ference. The choice of bandwidt h is a t rade2off be2
tween t he noise and t he inter2symbol interference.
The bandwidt h is chosen at 018 times t he data
rate[2 ] . Wit h consideration of t he parasitical param2
eters of CMOS technology , t he bandwidth of t he
design is normally greater than this value. The TIA
must have a high enough gain to amplify t he signal
and rest rain t he noise of t he following circuit s.

The basic circuit of the TIA is shown in
Fig. 3[3 ] . The feedback resistor Rf is used for p rovi2
ding t he voltage shunt negative feedback and reali2
zing high gain ,wide bandwidt h ,and wide dynamic
range. The bandwidt h can be expressed by

BW = 1/ 2πRin Cin (1)

where Rin is t he inp ut resistance of t he TIA ,and Cin

is t he total inp ut capacitance combined wit h CPD

and t he inp ut capacitor of t he amplifier .

Fig. 3 　Circuit diagram of the TIA

The PD in CMOS technology has greater size
t han the one in GaAs or InP technology. It shows
t herefore a larger Cpd . Along with the t ransistor’s
capacitance and the parasitical capacitance , Cin rea2
ches about of 2p F. As t he basic TIA has a large in2
p ut resistance ,assuming t hat Rin is about 100Ω ,BW
is 2 GHz ,and t he calculated value of Cin is equal to
018p F which is much smaller t han t he total inp ut
capacitance of 2p F. Therefore , t he TIA shown in
Fig. 3 does not satisfy the bandwidth requirement ,
and anot her TIA st ruct ure must be developed.

A regulated cascode ( R GC) inp ut configura2
tion[4 ] is used for t he TIA as shown in Fig. 4. The
first stage is an R GC inp ut configuration t hat in2
cludes a common gate amplifier combined with R1 ,
M1 ,and Rs , and a common source amplifier com2
bined wit h RB and MB. The second stage is a TIA
t hat includes a source follower combined wit h M2
and R2 ,a common source amplifier combined wit h
M3 and R3 , and another source follower combined
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with M4 and R4 . The R GC circuit has two advanta2
ges : The first is t hat the R GC circuit has a very
stable DC bias. For example ,if t he current of M1
increases ,t hen t he voltage at node 2 increases ,and
t he current of MB increases. Therefore the voltage
of node 1 decreases , t hereby const raining t he in2
crease of current in M1 and enhancing the circuit
stability. The second advantage is t hat t he R GC
circuit has a very low Rin , Rin = 1/ gM1 (1 + gMB RB ) ,
resulting in a wider bandwidth and a higher feed2
back resistance when compared wit h t he TIA
shown in Fig. 4. Figure 5 shows t he inp ut resist2
ance of an R GC2type TIA.

Fig. 4 　RGC2type TIA

Fig. 5 　Input resistance of R GC2type TIA

To achieve a low noise level , t he R GC TIA
must be optimized to have a minimal equivalent in2
p ut noise current which is determined mostly by
t he R GC inp ut configuration and is expressed as
follows[4 ] .

〈i2
eq〉= i2

nRs + i2
n1 + i2

nB + i2
nR1 + v2

nB
1
RS

+ jωCtot

2

=
4 k T
R S

+ 2qI g1 + 2qI gB +
4 k T
R 1

+
8kT
3 gMB

1
R2

S
+ω2 ( CPD + CgsB + CgdB + Cgs1 ) 2 (2)

　　From Eq. (2) ,t he noise optimization met hods
are described as follows.

(1 ) To decrease t he equivalent inp ut noise
current , R1 and Rs should be increased ;

(2) The gate2width of MB ( W MB ) should be
optimized.

Figure 6 shows the equivalent inp ut noise cur2
rent spect ral density of t he R GC TIA as a f unction
of W MB at 2 GHz wit h a total inp ut capacitance of
2p F for a fixed feedback resistor of 1kΩ. The opti2
mum W MB was found to be 437μm wit h a minimal
equivalent inp ut noise current of about 1212pA/

Hz. The equivalent inp ut noise spect ral density

has been improved by 6pA/ Hz at the f requency of
2 GHz by t he optimization as shown in Fig. 7.

Fig. 6 　Equivalent input noise current spect ral density

as a function of the gate width W MB

Fig. 7 　Comparison of optimized R GC and conventional

R GC in noise performance

3. 2 　Design of single2end to differential converter

　　Because t he TIA has a single2ended outp ut and
t he LA has differential inp ut s ,a single2end to dif2
ferential converter ,as shown in Fig. 8 is needed be2
tween t he TIA and LA. This circuit could hold t he
same DC bias on the inp ut s of the differential am2
plifier and t ransform the single2ended inp ut into
t he differential outp ut s.
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Fig. 8 　Single2end to differential converter

3. 3 　Design of l imiting amplif ier

The f unction of t he L A is to hold t he outp ut
signal to a limiting2amplit ude state ,once t he ampli2
t ude of inp ut signal exceeds a defined voltage. Be2
sides high speed and high gain , t he L A must hold
an invariable outp ut voltage in a large dynamic in2
p ut range. Figure 9 shows t he L A st ruct ure ,which
contains three broad2band amplifiers , an outp ut
buffer ,and a DC feedback network. Furt hermore ,
t he f ull differential st ruct ure of the L A could re2
duce t he interferences caused by the variation of
t he power voltage and temperature. In order to im2
prove the bias stability and reduce the crosstalk among
stages ,we adopt direct coupling among stages and pro2
vide independent bias for different stages.

Fig. 9 　Limiting amplifier st ructure

Due to t he high2gain and direct coupling , a
small voltage off set at t he inp ut could cause the
outp ut stage to saturate and even make t he circuit
lo se t he f unction of limiting amplifying. The DC
feedback networks , which include R11 , R12 , R21 ,
R22 , C1 ,and C2 ,are used to make t he circuit stable.
3. 4 　Isolation design of parallel front2end ampli2

f iers
　　Some isolation met hods , such as a p + guard
ring ( P GR) or an n + guard2ring ( N GR) [5 ] , have
been used to protect CMOS devices. Bot h of t hem
only surround t he devices on t he sides and cannot
cover t he bot tom of t he devices. Though most of
t he subst rate coupling noise can be absorbed by the

surrounding P GR or N GR ,part of subst rate cou2
pling noise can be coupled t hrough t he bot tom of
t he CMOS devices.

As for t he isolation design of t he parallel
f ront2end amplifier ,we can use t he P GR or a com2
bination of P GR and N GR to surround each f ront2
end amplifier of t he 12 channels , as shown in Figs.
10 and 11. The bot tom of t he amplifier is uncov2
ered , so the subst rate noise can be coupled into
each amplifier t hrough t he bottom. In order to en2
hance t he isolation of each amplifier , a new isola2
tion st ructure is shown in Fig. 12. This st ructure ,
combined wit h P GR , N GR , and DNW , is used to
shield each amplifier f rom t he subst rate noise. The
P GR is connected to ground. The N GR is connect2
ed to V dd and is used to surround t he P GR to form
reverted p2n junctions respectively wit h p2well and
p2sub. The DNW is buried deeply in t he subst rate
and connected to t he N GR. Thus t he reverted p2n
junction between the p2well and the DNW ,and t he
reverted p2n junction between the p2sub and t he
DNW are formed. The P GR and

Fig. 10 　P GR isolation st ructure

Fig. 11 　P GR + N GR isolation st ructure

Fig. 12 　P GR + N GR + DNW isolation st ructure
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t he N GR could interdict t he side coupling pass ,and
t he DN W could interdict t he bot tom coupling pass.
Compared wit h ot her isolation st ruct ures , t his
st ruct ure improves the isolation performance be2
tween f ront2end amplifiers.

4 　Chip fabrication

The 122channel parallel f ront2end amplifiers
for parallel optical receivers are designed and fabri2
cated in standard 0118μm CMOS technology as
shown in Fig. 13. The chip has dimensions of
3175mm ×0162mm = 21325mm2 , and each f ront2
end amplifier has t he same circuit st ructure and
layout . In order to compare t he performances of
different isolation st ruct ures ,t hree types are p res2
ented : (1) The use of P GR only ; (2) The use of a
combination of P GR and N GR ; (3) The use of a
combination of P GR ,N GR , and DN W.

Fig. 13 　Microphotograph of 12 parallel f ront2end am2
plifiers

5 　Measured results

Toget her wit h a p ulse pat tern generator (Ad2
vantest D3186) ,a digital sampling scope ( Agilent
86100A) ,a cascade probe station and 40 GHz mi2
crowave probes ,t he chip is measured and performs
well in on2chip testing. With a 118V power supply ,
each f ront2end amplifier consumes 85mW. The to2
tal power consumption of 12 f ront2end amplifiers is
about 1102W.

5. 1 　Measurements of single front2end amplif ier

　　Two eye diagrams are shown in Figs. 14 ( a)

and ( b) wit h a 215 Gb/ s 231 - 1 p seudorandom bit
sequence ( PRBS) signal at t he inp ut , which are
measured wit h two voltage amplit udes of 2 and
018mVpp at inp ut . Some typical measurement re2
sult s are listed in Table 1. The eyes are clear with2
out any noise point s in t hem. Bot h eyes angle and
eyes height are large. Very lit tle intersymbol inter2
ference ( ISI) is p resent in t he eyes and t he meas2
ured RMS jit ter p roportion is less t han 0103U I (u2
nit interval) .

Table 1 　Measurement result s of single f ront2end am2
plifier

Parameter Value

Technology 0. 18μm CMOS

Supply voltage 1. 8V

Data rate 2. 5 Gb/ s

RMS jit ter
11ps at 2mVpp

20ps at 0. 8mVpp

Rise/ Fall time 100ps/ 101ps at 2mVpp

Single2end output swing 288mV

Power dissipation 85mW

Fig. 14 　 ( a ) Output eye diagram with 2mVpp at

215 Gb/ s ; ( b) Output eye diagram with 018mVpp at

215 Gb/ s

5. 2 　Measurements of t wo adjacent front2end am2
plif iers

　　In order to measure t he crosstalk of two adja2
cent f ront2end amplifiers , two 215 Gb/ s 231 - 1
PRBS signals wit h 2mVpp are inp ut in two adjacent
f ront2end amplifiers isolated by t he P GR + N GR +
DNW st ruct ure ,and t heir outp ut eye diagrams are
shown in Fig. 15. Some typical measurement re2

Fig. 15 　Output eye diagrams of two adjacent f ront2end

amplifiers
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sult s are shown in Table 2. Compared wit h t he out2
p ut eye diagrams of a single f ront2end amplifier
(shown in Fig. 14 (a) ) ,t he outp ut eye diagrams of
two adjacent f ront2end amplifiers are very clear
without obvious crosstalk. The following measure2
ment result s show t hat t he P GR + N GR + DNW
st ruct ure isolates t he parallel f ront2end amplifiers
effectively.

Table 2 　Measurement result s of two adjacent f ront2
end amplifiers

Number Input voltage Jit ter Single2ended output swing

1 2mVpp 11ps 288mV

2 2mVpp 11ps 286mV

5. 3 　Isolation measurement of parallel front2end
amplif iers

　　The inp ut voltage of amplifier n is rep resented
by V n1 , and t he outp ut voltage of amplifier m is
V m2 . Then t he isolation degree of amplifier m to
amplifier n is defined as Inm = 20lg (V n1 / V m2 ) when
ot her port s are matched. The higher t he magnit ude
of Inm is , t he bet ter t he isolation degree will be.
When a small sine signal is applied to t he inp ut of
amplifier n ,and t he outp ut signal of amplifier m is
measured ,t hen Inm can be calculated. An HP8593A
spect rum analyzer is used to measure outp ut signal
amplit ude at f requencies of 155M Hz , 622M Hz ,
1 GHz , 1125 GHz , 2 GHz , 215 GHz , 21655 GHz , and
31318 GHz , generated by the R &S SMP04 Signal
Generator . The measured isolation degrees are lis2
ted in Table 3 and a comparison of different isola2
tion curves is shown in Fig. 16.

Table 3 　Measured result s of isolations for different

st ructures

Frequency
P GR

/ dB

P GR + N GR

/ dB

P GR + N GR + DNW

/ dB

155M Hz 41. 5 67. 4 66. 2

622M Hz 30. 2 39. 6 53. 9

1 GHz 23. 2 44. 3 52. 4

1. 25 GHz 32. 2 45. 4 49. 3

2 GHz 34. 8 40. 4 42. 9

2. 5 GHz 37. 6 46. 9 51. 4

2. 655 GHz 44. 8 49. 6 59. 4

3. 318 GHz 51. 8 57 59. 2

Fig. 16 　Isolation curves of different st ructures as func2
tion of f requency

　　At t he f requencies of 1125 and 215 GHz , t he
P GR + N GR + DNW st ruct ure improves the isola2
tion degree by 29 and 8dB respectively over P GR i2
solation st ruct ure. It also improves the isolation de2
gree by 8 and 215dB , respectively ,over the P GR +
N GR isolation st ruct ure. This shows t hat the com2
bination st ruct ure of P GR ,N GR ,and DNW has t he
best isolation among these t hree st ruct ures.

6 　Conclusion

This paper p resent s a 122channel , 30 Gb/ s
f ront2end amplifier designed and fabricated in
standard 0118μm CMOS technology for parallel
optic2fiber receivers. The R GC st ruct ure and noise
optimization are used in the design of t he TIA ,
which overcomes t he problem of inadequate band2
widt h caused by the large parasitical capacitor of
CMOS PD , and makes t he f ront2end amplifiers
monolit hically integrated wit h CMOS PDs into re2
ality. An isolation st ructure combined wit h P GR ,
N GR ,and DN W for parallel amplifiers is also p res2
ented , which effectively decreases the subst rate
noise coupling and the crosstalk between t he paral2
lel amplifiers ,and achieves good isolation perform2
ance. The measured result s show that t his chip has
t he merit s of low noise , low cost , low power con2
sumption and monolit hic integration , and can be
used in ult ra high speed parallel optic2fiber commu2
nication systems.
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12 路并行 30 Gb/ s 0118μm CMOS 光接收前端放大器 3

李智群 　薛兆丰 　王志功 　冯 　军

(东南大学射频与光电集成电路研究所 , 南京　210096)

摘要 : 给出了一个采用 TSMC 0118μm CMOS 工艺设计并实现的 12 路 30 Gb/ s 并行光接收前端放大器. 电路设计
采用 R GC 结构和噪声优化技术 ,克服了 CMOS 光检测器大寄生电容造成的带宽不够的问题. 测试结果表明 ,在
2p F 的寄生电容下单信道传输速率达到了 215 Gb/ s ,在 018mVpp 输入下得到了清晰的眼图. 提出了一种同时采用

p + 保护环 ( P GR) 、n + 保护环 (N GR)和深 n 阱 (DNW) 的并行放大器隔离结构 ,有效地抑制了并行放大器之间的串
扰 ,减小了放大器之间的衬底耦合噪声. 测量结果表明 ,这种结构与 P GR 和 P GR + N GR 相比 ,在 1 GHz 时放大器
之间的隔离度分别提高了 2912 和 811dB ,在 2 GHz 时放大器之间的隔离度分别提高了 811 和 215dB. 芯片采用
118V 电源供电 ,单路前端放大器的功耗为 85mW ,12 路总功耗约为 1W.

关键词 : 并行光接收 ; 前端放大器 ; R GC 结构 ; 衬底噪声耦合 ; 隔离
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