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InAlAs Emitter

3.3 Å InAlAs (2x1018/cm3 Be)

InGaAs Base

30.0 Å InGaAs (2x1018/cm3 Be)

6.6 Å InAlAs (2x1018/cm3 Be)

26.6 Å InGaAs (2x1018/cm3 Be)

10.0 Å InAlAs (8x1017/cm3 Si)

23.3 Å InGaAs (8x1017/cm3 Si)

13.3 Å InAlAs (8x1017/cm3 Si)

20.0 Å InGaAs (8x1017/cm3 Si)

16.6 Å InAlAs (8x1017/cm3 Si)

16.6 Å InGaAs (8x1017/cm3 Si)

20.0 Å InAlAs (8x1017/cm3 Si)

13.3 Å InGaAs (8x1017/cm3 Si)

23.3 Å InAlAs (8x1017/cm3 Si)

10.0 Å InGaAs (8x1017/cm3 Si)

26.6 Å InAlAs (8x1017/cm3 Si)

6.6 Å InGaAs (8x1017/cm3 Si)

30.0 Å InAlAs (8x1017/cm3 Si)

3.3 Å InGaAs (8x1017/cm3 Si)
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V R W K D W W K H \ F D Q E H F R Q W D F W H G ZLW K LQ W H U F R Q Q H F W P H W D O� $ V F K H P D W LF q R Z
R I W K H S U R F H V V X S W R W K LV S R LQ W LV V K R ZQ LQ p J � � �� �

3 R O\LP LG H H W F K OLW K R J U D S K \ OH D YH V V P D OO LV OD Q G V R I S K R W R U H V LV W R YH U P R V W
R I W K H D U H D R I W K H E D V H P H V D V � E X W U H P R YH V S K R W R U H V LV W H YH U \ZK H U H H OV H � 7K H
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(a) (b)

(d)(c)

Emitter Metal

Emitter Base Collector

SI InP substrate Buffer Layer

Base Metal

Polyimide

)LJ X U H � �� � 3 U R F H V V q R Z G LD J U D P D IW H U G H S R V LW LR Q R I H P LW W H U P H W D O D Q G E D V H
F R Q W D F W H W F K � D � � D IW H U G H S R V LW LR Q R I E D V H P H W D O � E � � D IW H U LV R OD W LR Q H W F K � F � �
D IW H U S R O\LP LG H H W F K E D F N � G � �

H [S R V H G S R O\LP LG H LV W K H Q H W F K H G F R P S OH W H O\ D ZD \ W R U H H [S R V H W K H ,Q $ O$ V
E X oH U OD \H U E H W ZH H Q G H YLF H P H V D V D Q G W R U H P R YH S R O\LP LG H IU R P W K H H G J H V
R I W K H E D V H P H V D V W K H P V H OYH V � ,Q W K LV ZD \� LQ W H U F R Q Q H F W P H W D O F D Q D OV R
F R Q W D F W W K H E D V H P H W D OOL] D W LR Q �

1 L&U U H V LV W R U V D U H G H S R V LW H G W R D W K LF NQ H V V ZK LF K J LYH V D S S U R [LP D W H O\
� � n� V TX D U H � 7K H p U V W OD \H U R I LQ W H U F R Q Q H F W P H W D O � K H U H D IW H U F D OOH G P H W D O
� � R U 0� � LV G H S R V LW H G W R F R Q W D F W W K H G H YLF H H P LW W H U V D Q G E D V H V D Q G D OV R
W R F R Q Q H F W W R W K H H Q G V R I W K H U H V LV W R U V � $ � � � � {$ W K LF N OD \H U R I V LOLF R Q
Q LW U LG H LV G H S R V LW H G W R V H U YH D V W K H LQ V X OD W R U IR U 0,0 F D S D F LW R U V D Q G � D V
G H V F U LE H G OD W H U � W R S U H YH Q W F K R V H Q G H YLF H H P LW W H U V IU R P E H LQ J J U R X Q G H G �
7K R V H G H YLF H V W K D W ZLOO K D YH J U R X Q G H G H P LW W H U V ZLOO K D YH W K H V LOLF R Q Q LW U LG H
S U R W H F W LQ J W K R V H H P LW W H U V H W F K H G D ZD \� 7K H V LOLF R Q Q LW U LG H H W F K D OV R D OOR ZV
IR U F R Q Q H F W LR Q R I P H W D O � W R W K H Q H [W OD \H U R I LQ W H U F R Q Q H F W W R E H G H S R V LW H G �
P H W D O � � 0H W D O � V H U YH V P D Q \ S X U S R V H V � LW LV W K H E R W W R P S OD W H R I 0,0
F D S D F LW R U V � LW LV D Q R W K H U OD \H U R I LQ W H U F R Q Q H F W � D Q G LW ZLOO S U R W H F W W K H V LOLF R Q
Q LW U LG H IU R P D W W D F N E \ W K H Q H [W G U \ H W F K ZK LF K ZLOO V R R Q E H G H V F U LE H G �
$ IW H U P H W D O � LV OLIW H G R o� E H Q ] R F \F OR E X W H Q H � % &% � LV V S X Q R Q W R W K H ZD IH U
W R D W K LF NQ H V V R I � zP � % &% D F W V D V W K H D U W Lp F LD O V X E V W U D W H X V H G IR U W K H
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P LF U R V W U LS G LH OH F W U LF � D Q G ZD V F K R V H Q IR U LW V OR Z OR V V D Q G OR Z G LH OH F W U LF
F R Q V W D Q W � $ IW H U W K H % &% LV F X U H G � W K H Q LF NH O H W F K P D V N LV G H S R V LW H G D Q G
OLIW H G R o ZK H U H LW LV G H V LU H G W R H W F K YLD V LQ W R W K H % &% � 9 LD V D U H H W F K H G LQ W R
W K H % &% E \ 5 ,( � D Q G W K LV H W F K F R Q W LQ X H V R Q W R D W W D F N W K H V LOLF R Q Q LW U LG H
LI Q R W S U R W H F W H G E \ P H W D O � � )R U W K LV U H D V R Q � H P LW W H U V Q R W LQ W H Q G H G W R E H
J U R X Q G H G P X V W K D YH D U H F W D Q J OH R I P H W D O � D E R YH W K H V LOLF R Q Q LW U LG H �

(a) (b)

(d)(c)

Metal1

SiN

Metal2
BCB

)LJ X U H � �� � 3 U R F H V V q R Z G LD J U D P D IW H U G H S R V LW LR Q R I P H W D O � � D � � D IW H U
H W F K LQ J R I 6 L1 � E � � D IW H U G H S R V LW LR Q R I P H W D O � � F � � D IW H U H W F K LQ J R I % &% � G � �

7K LQ OD \H U V R I 7L� $ X D U H V S X W W H U H G R Q W R W K H ZD IH U � W K H 7L D J D LQ W R S U R �
P R W H D G K H V LR Q � D Q G W K H J R OG W R IR U P D F R Q V W D Q W S R W H Q W LD O V X U ID F H IR U J R OG
S OD W LQ J � 7K H J R OG J U R X Q G S OD Q H LV W K H Q S OD W H G R Q W R W K H ZD IH U � W R D Q D S �
S U R [LP D W H W K LF NQ H V V R I � � zP � 7K H ZD IH U LV W K H Q V R OG H U E R Q G H G W R D V LP LOD U
V K D S H G S LH F H R I *D $ V IR U P H F K D Q LF D O V X S S R U W � 7K H ,Q 3 V X E V W U D W H LV U H P R YH G
LQ D Q D TX H R X V + &O V R OX W LR Q W K D W G R H V Q R W D W W D F N W K H ,Q *D $ V F R OOH F W R U D W



� �� ' LV F X V V LR Q � �

D OO ZK H Q LW U H D F K H V LW � 7K LV LV D Q H [W U H P H O\ V H OH F W LYH H W F K � D V LW H W F K H V D ZD \
� � � zP R I V X E V W U D W H LQ D Q K R X U � D Q G D IW H U � �� � P LQ X W H V R I R YH U H W F K � G R H V
Q R W V LJ Q Lp F D Q W O\ D W W D F N W K H � � � � {$ W K LF N OD \H U R I ,Q *D $ V � )LQ D OO\� F R O�
OH F W R U P H W D O LV G H S R V LW H G � ZK LF K IR U P V D W K LU G OD \H U R I LQ W H U F R Q Q H F W P H W D O
� 0� � LI V R G H V LU H G � D Q G D V H OI�D OLJ Q H G ZH W H W F K S U R YLG H V IX U W K H U U H G X F W LR Q R I
F R OOH F W R U �E D V H F D S D F LW D Q F H �

(a) (b)

Plated Gold

In/Pb/Ag Solder

GaAs Carrier Wafer

Metal3

)LJ X U H � �� � 3 U R F H V V q R Z G LD J U D P D IW H U J R OG S OD W LQ J D Q G V R OG H U E R Q G LQ J
W R *D $ V F D U U LH U ZD IH U � D � � D IW H U ,Q 3 V X E V W U D W H U H P R YD O D Q G G H S R V LW LR Q R I
F R OOH F W R U P H W D O � 0� � R I 6 L1 � E � �

��� 'LVFXVVLRQ

8 Q LIR U P LW \ R I W K H E D V H F R Q W D F W H W F K LV LP S R U W D Q W LQ D F K LH YLQ J X Q LIR U P G H YLF H
F K D U D F W H U LV W LF V � 7K H E D V H LV X Q LIR U P O\ H [S R V H G D F U R V V W K H ZD IH U D IW H U W K LV
E D V H F R Q W D F W H W F K � D V F R Q p U P H G E \ G H YLF H P H D V X U H P H Q W V D W W K H H G J H V D Q G D W
W K H F H Q W H U R I W K H ZD IH U � ,Q V S LW H R I W K H Q R Q X Q LIR U P LW \ R I W K H G U \ H W F K � W K LV
LV S R V V LE OH G X H W R W K H K LJ K V H OH F W LYLW \ R I W K H V H OH F W LYH ZH W H W F K � 7K H F H Q W H U
R I W K H ZD IH U LV S U H V X P D E O\ H W F K H G OH V V G X U LQ J W K H G U \ H W F K � $ V OR Q J D V W K H
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NiCr

M1 SiN

M2

BCB

Plated Gold

M1

SiN

M2

M1

SiN

BCB

Plated Gold

(a)

(b)

(c)

)LJ X U H � �� � 3 D V V LYH H OH P H Q W V LQ W U D Q V IH U U H G �V X E V W U D W H S U R F H V V � 1 L&U U H V LV W R U
ZLW K K H D W V LQ N � D � � 0,0 F D S D F LW R U � E � � P LF U R V W U LS LQ W H U F R Q Q H F W � F � �

V H OH F W LYH ZH W H W F K W LP H LV V X r F LH Q W W R U H D F K W K H F U LW LF D O S R LQ W LQ W K H E D V H �
H P LW W H U J U D G H LQ W K H F H Q W H U R I W K H ZD IH U � W K H U H V X OW ZLOO E H X Q LIR U P LW \� 7K LV LV
E H F D X V H W K H V H OH F W LYH H W F K F D Q Q R W S U R F H H G S D V W W K D W F U LW LF D O OD \H U D Q \ZK H U H �
D W W K H H G J H V R I W K H ZD IH U ZK LF K ZH U H G U \�H W F K H G G H H S H U W K H V H OH F W LYH ZH W
H W F K ZLOO V LP S O\ K LW W K H V W R S S LQ J S R LQ W H D U OLH U �

,Q V S LW H R I W K H OLW K R J U D S K LF G H p Q LW LR Q R I E R W K H P LW W H U D Q G F R OOH F W R U
V W U LS H V � LW LV V W LOO Q H F H V V D U \ W R P LQ LP L] H W K H V L] H R I W K H E D V H P H V D � 7K LV
K D V Q R W K LQ J W R G R ZLW K F R OOH F W R U �E D V H F D S D F LW D Q F H � U D W K H U � LW P X V W E H G R Q H
W R U H G X F H E D V H �H P LW W H U F D S D F LW D Q F H � 5 H IH U U LQ J W R p J � � �� � D � � LW F D Q E H V H H Q
W K D W W K H H P LW W H U LQ W H U F R Q Q H F W P H W D O F U R V V H V R YH U W K H E D V H P H W D O� D Q G W K H U H
LV F D S D F LW D Q F H E H W ZH H Q W K H P W K U R X J K W K H S R O\LP LG H � 7K H LQ W H U YH Q LQ J S R O\�
LP LG H F D Q R Q O\ E H D V W K LF N D V W K H V X P R I W K H H P LW W H U P H W D O D Q G H P LW W H U
V H P LF R Q G X F W R U � P LQ X V W K H W K LF NQ H V V R I W K H E D V H F R Q W D F W P H W D O� 7K H G LH OH F �
W U LF F R Q V W D Q W R I W K H S R O\LP LG H LV � �� � D Q G W K H W K LF NQ H V V LV W \S LF D OO\ � � � � {$
� $ � d � zP H P LW W H U p Q J H U K D V W \S LF D OO\ E H H Q G H V LJ Q H G W R K D YH � zP R I
E D V H P H V D R Q H LW K H U V LG H R I LW � 7K H ZLG W K R I W K H LQ W H U F R Q Q H F W F U R V V LQ J R YH U
W K LV E D V H P H W D O LV � zP � 7K H D U H D R I R YH U OD S LV W K H Q � � zP �� OH D G LQ J W R
D Q D G G LW LR Q D O F D S D F LW D Q F H R I � �� I) E H W ZH H Q E D V H D Q G H P LW W H U � 7K LV F D S D F L�
W D Q F H LV U H IH U U H G W R D V &

OD
� D V LW LV D S D U D V LW LF F D S D F LW D Q F H U H V X OW LQ J IU R P W K H

S K \V LF D O OD \R X W R I W K H G H YLF H � &
OD
LV G LV F X V V H G LQ P R U H G H W D LO LQ V H F W LR Q � �� �



� �� ' LV F X V V LR Q � �

2Q H S U R F H V V U X Q K D V E H H Q S H U IR U P H G ZLW K W K H E D V H P H V D H [W H Q G LQ J R Q O\
� zP R X W R Q H LW K H U V LG H R I W K H H P LW W H U � $ W W K H W LP H W K LV ZD V G H W H U P LQ H G W R
E H W R R D J J U H V V LYH D V W K H V W H S S H U ZD V F R Q V LV W H Q W O\ D OLJ Q LQ J R Q O\ W R ZLW K LQ � ��
zP � ,Q W K LV F D V H � W K H V W H S S H U P LV D OLJ Q P H Q W ZD V D E R X W W K D W � � �� zP � 7K LV
OH D YH V D � �� zP ZLG H V W U LS R I E D V H P H W D O R Q R Q H V LG H R I W K H H P LW W H U p Q J H U �
D Q G � �� zP R Q W K H R W K H U � 7K H W K LF NQ H V V R I W K H E D V H P H W D O LV � � � � {$ � � � � {$
R I W K LV LV J R OG � W K H E D OD Q F H LV P D G H X S R I W K H W LW D Q LX P D Q G S OD W LQ X P F R Q W D F W
OD \H U V � W R V LP S OLI\ W K LV F D OF X OD W LR Q LW ZLOO E H D V V X P H G W K D W W K H U H LV � � � � {$
R I J R OG � 7K H U H V LV W LYLW \ R I J R OG LV � �� � d � � b�n�F P � 7K H U H V LV W D Q F H LQ F X U U H G
E \ W U D YH OLQ J G R ZQ W K H OH Q J W K R I W K H E D V H P H V D D OR Q J V LG H W K H H P LW W H U p Q J H U
R Q H LW K H U V LG H R I W K H H P LW W H U p Q J H U LV 5  ~/ $� ZK H U H / � K H U H D V V X P H G
W R E H � � zP LV W K H OH Q J W K R I W K H H P LW W H U � D Q G $ LV W K H F U R V V � V H F W LR Q D O
D U H D W K U R X J K ZK LF K W K H F X U U H Q W W U D YH OV � 6 R $ LV J LYH Q E \ W K H S U R G X F W R I
W K H W K LF NQ H V V R I W K H E D V H P H W D O D Q G W K H G LV W D Q F H E H W ZH H Q W K H H G J H R I W K H
H P LW W H U D Q G W K H H G J H R I W K H E D V H P H V D � 7K H V LG H R I W K H H P LW W H U ZK H U H W K H
E D V H P H V D LV R Q O\ � �� zP ZLG H K D V D Q H Q G W R H Q G U H V LV W D Q F H R I � �� n� 7K H
� �� zP V LG H K D V D U H V LV W D Q F H R I � �� n� ,V W K LV V LJ Q Lp F D Q W " ,W LV LQ G H H G � W K H
5

EE
R I G H YLF H V ZLW K W K LV J H R P H W U \ D Q G D � � � {$ E D V H LV D S S U R [LP D W H O\ � � n�

W K H � �� n LV � � � R I W K LV � W K H � �� n LV R Q O\ � � � R I W K LV � U H V X OW LQ J LQ X Q H YH Q
W X U Q � R Q R I W K H G H YLF H W K D W S U R J U H V V LYH O\ E H F R P H V ZR U V H D V W K H ID U H Q G R I
W K H H P LW W H U LV D S S U R D F K H G �

$ Q R W K H U S R V V LE OH S U R E OH P U H V X OW LQ J IU R P W K H V W H S S H U P LV D OLJ Q P H Q W U H �
J D U G V E D V H 2K P LF W U D Q V IH U OH Q J W K /

W
� 7K H /

W
LV W K H G LV W D Q F H R YH U ZK LF K

F D U U LH U V W H Q G W R V S U H D G ZK H Q H Q W H U LQ J R U OH D YLQ J 2K P LF F R Q W D F W P H W D O� F R Q �
W D F W P H W D O R I P R U H W K D Q D E R X W W ZR W LP H V ZLG H U W K D Q W K H /

W
LV U H TX LU H G LQ

R U G H U Q R W W R LQ F U H D V H W K H U H V LV W D Q F H � /
W
LV J LYH Q E \

T
U
F
 5

VK
� ZK H U H U

F
LV

W K H V S H F Lp F F R Q W D F W U H V LV W D Q F H R I W K H E D V H 2K P LF � D Q G 5
VK
LV W K H V K H H W U H �

V LV W D Q F H W K U R X J K W K H E D V H P D W H U LD O� )D LU O\ W \S LF D O YD OX H V IR U W K H � � � {$ �
� d � � �� � F P � G R S H G E D V H X V H G LQ W K H E D V H OLQ H P D W H U LD O D U H U

F
 � �� d � � b�n�

F P � D Q G 5
VK
 � � � n S H U V TX D U H � 7K LV J LYH V D Q /

W
R I D E R X W � � � � {$ D Q G

V R H YH Q ZLW K � �� zP R I P LV D OLJ Q P H Q W � W K H � � � � {$ R I E D V H P H V D ZLG W K R Q
W K H R Q H V LG H R I W K H H P LW W H U p Q J H U LV � �� W U D Q V IH U OH Q J W K V ZLG H � U H V X OW LQ J LQ D
Q H J OLJ LE OH H oH F W R Q W K H R YH U D OO E D V H U H V LV W D Q F H �

)R U D G H YLF H R S H U D W LQ J X Q G H U ,
F
 � � P $ D Q G ZLW K D p R I � � � W K H ' &

E D V H F X U U H Q W ,
E
LV � � � z$ � 7K H YR OW D J H G U R S D F U R V V W K H E D V H P H W D O D OR Q J

W K H OH Q J W K R I W K H G H YLF H LV J LYH Q E \ W K LV E D V H F X U U H Q W P X OW LS OLH G E \ W K H
S D U D OOH O F R P E LQ D W LR Q R I W K H W ZR E D V H P H W D O U H V LV W D Q F H V � R Q H R Q H LW K H U V LG H R I
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Base Metal

Emitter Metal

Ib

)LJ X U H � �� � 6 F K H P D W LF R I E D V H P H V D D Q G H P LW W H U p Q J H U IR U P LV D OLJ Q H G H P LW W H U
p Q J H U �

W K H H P LW W H U p Q J H U IR U E D V H F X U U H Q W W U D YH OLQ J W K U R X J K W K H E D V H P H W D O G R ZQ
W K H OH Q J W K R I W K H H P LW W H U p Q J H U � � 7K H S D U D OOH O U H V LV W D Q F H LV � �� n D Q G W K H
U H V X OW LQ J YR OW D J H G U R S LV � � P 9 � 7K LV U H V LV W D Q F H LV LQ G H S H Q G H Q W R I V W H S S H U
P LV D OLJ Q P H Q W � LW LV G H S H Q G H Q W X S R Q W K H W R W D O ZLG W K R I W K H E D V H P H V D � P LQ X V
W K H ZLG W K R I W K H H P LW W H U p Q J H U � � $ � � P 9 G U R S IU R P R Q H H Q G R I W K H G H YLF H
W R W K H R W K H U LV YH U \ V LJ Q Lp F D Q W J LYH Q W K H HT9 N7 E H K D YLR U R I W K H E LS R OD U
W U D Q V LV W R U � P LW LJ D W H G V R P H ZK D W E \ W K H S D U D V LW LF 5

EE
D Q G 5

H[
2K P LF F R Q W D F W

U H V LV W D Q F H V W R W K H E D V H D Q G H P LW W H U � U H V S H F W LYH O\� 7K H W U D Q V LV W R U LV Q R W E H LQ J
G U LYH Q H TX D OO\ R Q E R W K H Q G V � : K D W K D V K D S S H Q H G K H U H LV W K D W W K H E D V H
P H V D ZLG W K K D V E H H Q V F D OH G � E X W Q R W W K H OH Q J W K R I W K H G H YLF H � $ OR ZH U p
ZLOO H [D F H U E D W H W K LV S U R E OH P � W K H K LJ K H U ,

E
ZLOO IX U W K H U LQ F U H D V H W K H YR OW D J H

G U R S � 6 X E V H TX H Q W S U R F H V V U X Q V K D G W K H E D V H P H V D H [W H Q G LQ J � zP R X W IU R P
H LW K H U V LG H R I W K H H P LW W H U � U H G X F LQ J W K H P D J Q LW X G H R I W K LV S U R E OH P E \ D
ID F W R U R I W ZR �

6 R ZK \ LV W K H E D V H P H W D O V R W K LQ " 7K H W K LF NQ H V V R I W K H E D V H P H W D O LV
OLP LW H G E \ W K H W K LF NQ H V V R I W K H H P LW W H U V H P LF R Q G X F W R U � P R U H V S H F Lp F D OO\�
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1000A InGaAs (1E19 Si)

700A InAlAs (1E19 Si)

200A Grade (1E19 Si)

500A InAlAs (8E17 Si)

233A Grade (8E17 Si)

66 A Grade (2E18 Be)

400A InGaAs (5E19 Be)

400A InGaAs (1E16 Si)

2500A InAlAs (UID)

S.I. InP

50A InGaAs (1E18 Si)

2550A InGaAs (1E16 Si)
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F D U U \LQ J F D S D F LW \ R I U H V LV W R U V ZLW K D Q G ZLW K R X W K H D W V LQ NV � 7K H IH H G E D F N
S D W K F R Q V LV W V R I D � � � n U H V LV W R U LQ V H U LH V ZLW K D V K R U W V H F W LR Q R I K LJ K
LP S H G D Q F H LQ W H U F R Q Q H F W � p J � � �� � � $ W K H U P D O YLD LV S U R YLG H G R Q H D F K G H YLF H �
ZK LF K R Q W K H LQ S X W G H YLF H U H S U H V H Q W V D V P D OO E X W Q R W Q H J OLJ LE OH S D U D V LW LF
F D S D F LW D Q F H IU R P W K H H P LW W H U W R J U R X Q G � 7K LV F D S D F LW D Q F H D U LV H V IU R P W K H
R YH U OD S R I W K H 0� W R W K H J U R X Q G H G 0� W K U R X J K W K H 6 L1 G LH OH F W U LF �

)LJ � � �� D Q G p J � � �� V K R Z D F LU F X LW G LD J U D P D Q G F K LS S K R W R R I W K H V R
� F D OOH G � P LU U R U G R X E OH U � D P S OLp H U � D F R Q p J X U D W LR Q LQ ZK LF K W K H F X U U H Q W �
J D LQ F X W R o IU H TX H Q F \ R I WKH VWDJH LV H oH F W LYH O\ G R X E OH G >� � @� 7K H D P S OLp H U
R I p J � � �� X V H V D Q H P LW W H U IR OOR ZH U W R G U LYH D P LU U R U G R X E OH U � $ W K LU G S D G LV
D OV R X V H G LQ W K LV G H V LJ Q W R S U R YLG H LQ G H S H Q G H Q W F R OOH F W R U E LD V R I W K H H P LW W H U
IR OOR ZH U � U H V X OW LQ J LQ W K H V D P H F K LS D U H D R I � �� � � PP�� ' & J D LQ D Q G �
G % E D Q G ZLG W K V LP X OD W H D W � �� G % D Q G � � *+ ] � 7K H U D G LD O V W X E E \S D V V
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)LJ X U H � �� � &K LS S K R W R R I ' D U OLQ J W R Q $ P S OLp H U �

F D S D F LW R U LV G H V LJ Q H G W R K D YH � � � I) F D S D F LW D Q F H � 7X Q LQ J LQ G X F W R U V D U H D OV R
X V H G LQ W K LV G H V LJ Q � D V ZH OO D V D V K X Q W U H V LV W R U W R J U R X Q G R Q W K H R X W S X W � 7K H
G LR G H 4� LV IR U ' & OH YH O V K LIW LQ J � W R P D LQ W D LQ W K H 9

FH
R I 4� Q H D U W K H U H J LR Q

R I S H D N 5 ) S H U IR U P D Q F H � 7K H IH H G E D F N S D W K F R Q V LV W V R I D � � � n U H V LV W R U LQ
V H U LH V ZLW K D V P D OO LQ G X F W D Q F H � 7K H U P D O YLD V D U H S U R YLG H G R Q H D F K G H YLF H
H [F H S W IR U W K H G LR G H 4� � 7K H G LR G H 4� LV W K U H H W LP H V OD U J H U W K D Q 4� � 4� �
D Q G 4� W R P LQ LP L] H S D U D V LW LF U H V LV W D Q F H D W W K LV Q R G H � 7K H G LR G H LV E LD V H G D W
D OR Z � �� d � � � $ � F P � F X U U H Q W G H Q V LW \� U H G X F LQ J W K H Q H H G IR U D W K H U P D O YLD �
$ W K H U P D O YLD ZR X OG S U H V H Q W D Q LP S R V LQ J S D U D V LW LF F D S D F LW D Q F H W R J U R X Q G
IR U V X F K D OD U J H G H YLF H � D Q G V R LW K D V E H H Q H OLP LQ D W H G �

3 R ZH U G LV V LS D W LR Q LQ W K H H P LW W H U G H J H Q H U D W LR Q U H V LV W R U R I 4� LV D G Lr �
F X OW \� 7K H U H LV Q R W K H U P D O YLD R Q W K LV U H V LV W R U � 7K LV U H V LV W R U G H P D Q G V W K H
K LJ K H V W F X U U H Q W F D U U \LQ J F D S D F LW \ R I D Q \ U H V LV W R U R Q W K H W ZR D P S OLp H U V D W
� �� P $ � zP X Q G H U G H V LJ Q H G E LD V LQ J F R Q G LW LR Q V � 7K H U H V LV W R U ID LOV LI 4� LV
E LD V H G D W J U H D W H U W K D Q D E R X W � � P $ H P LW W H U F X U U H Q W � ' H S H Q G LQ J X S R Q W K H LU
OH Q J W K � U H V LV W R U V ZLW K R X W YLD V ZLOO ID LO D W F X U U H Q W G H Q V LW LH V LQ W K H U D Q J H R I � ��
W R � �� P $ S H U P LF U R Q R I ZLG W K � ,Q W K H S U H V H Q W G H V LJ Q � D G G LW LR Q R I D W K H U P D O
YLD W R W K H U H V LV W R U ZR X OG S U H YH Q W W K H U P D O ID LOX U H � E X W W K H YLD F D S D F LW D Q F H
ZR X OG V LJ Q Lp F D Q W O\ G H J U D G H F LU F X LW E D Q G ZLG W K � : LW K R X W W K H YLD � D U H V LV W R U
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7D E OH � �� � ' H YLF H V S H F Lp F D W LR Q V IR U P LU U R U G R X E OH U D P S OLp H U �
' H YLF H ( P LW W H U &R OOH F W R U

G LP H Q V LR Q G LP H Q V LR Q % LD V
� R Q 0D V N� � R Q 0D V N� &X U U H Q W

4� � d � � zP � � d � � zP � � � �� P $
4� � d � zP � � d � � zP � � �� P $
4� � d � zP � � d � � zP � � �� P $
4� � d � � zP � � d � � zP � � �� P $
4� � d � zP � � d � � zP � � �� P $

)LJ X U H � �� � &LU F X LW G LD J U D P R I 0LU U R U ' R X E OH U �
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)LJ X U H � �� � &K LS S K R W R R I 0LU U R U ' R X E OH U $ P S OLp H U �

F K R V H Q IR U D V D IH F X U U H Q W G H Q V LW \ ZR X OG E H D W OH D V W � � P LF U R Q V ZLG H D Q G � � �
P LF U R Q V OR Q J � G R P LQ D W LQ J W K H ,& D U H D �

��� )LU VW *HQHU DWLRQ $PSOLpHU 5HVXOWV

7K H D P S OLp H U V ZH U H P H D V X U H G R Q ZD IH U IU R P � �� �� � *+ ] D Q G IU R P � � �� � �
*+ ] � 6 �S D U D P H W H U V YV � IU H TX H Q F \ D U H S OR W W H G LQ p J � � �� D Q G p J � � �� IR U
W K H G D U OLQ J W R Q D P S OLp H U D Q G W K H P LU U R U G R X E OH U D P S OLp H U � U H V S H F W LYH O\� 7K H
' & J D LQ R I W K H ' D U OLQ J W R Q D P S OLp H U LV F OR V H W R V LP X OD W LR Q D W � � �� G % � ZLW K
D � G % E D Q G ZLG W K W K D W LV J U H D W H U W K D Q � � *+ ] � 7K H J D LQ S H D NV D W � � ��
G % � D Q G ID OOV W R � � �� G % D W � � *+ ] � $ W � � *+ ] � W K H J D LQ K D V ID OOH Q W R � ��
G % � S U H YH Q W LQ J S U H F LV H G H W H U P LQ D W LR Q R I W K H � G % E D Q G ZLG W K � $ Q H V W LP D W H
R I W K H � G % E D Q G ZLG W K F D Q E H P D G H E \ F R Q Q H F W LQ J W K H � � *+ ] D Q G W K H � �
*+ ] P H D V X U H P H Q W V ZLW K D OLQ H � 7K LV J LYH V D � G % E D Q G ZLG W K R I � � *+ ] �
IR U D J D LQ �E D Q G ZLG W K S U R G X F W R I � � � *+ ] � 7K H S R ZH U G LV V LS D W LR Q LV � � ��
P : �
7K H ' & J D LQ R I W K H P LU U R U G R X E OH U D P S OLp H U LV � �� G % � 7K H J D LQ V W H D G LO\

U LV H V ZLW K IU H TX H Q F \ X Q W LO D W OH D V W � � *+ ] ZK H U H LW U H D F K H V � �� G % � 7K H
IU H TX H Q F \ D W ZK LF K W K H J D LQ K D V G U R S S H G W R � G % E H OR Z W K H ' & J D LQ LV � �
*+ ] � J LYLQ J D J D LQ �E D Q G ZLG W K S U R G X F W R I � � � *+ ] � 7K H S R ZH U G LV V LS D W LR Q
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LV � � �� P : �

��� 6HFRQG *HQHU DWLRQ $PSOLpHU 'HVLJQ DQG

5HVXOWV

,Q V H F R Q G J H Q H U D W LR Q G H V LJ Q V R I W K H ' D U OLQ J W R Q D P S OLp H U � W K H U H V LV W LYH E L�
D V LQ J R I W K H H P LW W H U �IR OOR ZH U W U D Q V LV W R U LV U H S OD F H G ZLW K D F X U U H Q W P LU U R U
E LD V V R X U F H � D YR LG LQ J G Lr F X OW LH V ZLW K G LV V LS D W LR Q � 7ZR Q H Z V S H F Lp F D W LR Q V
ZH U H D W W H P S W H G � 6 LQ F H W K H � � �� G % J D LQ D P S OLp H U D F K LH YH G J U H D W H U W K D Q
� � *+ ] E D Q G ZLG W K D Q G W K H U H IR U H W K H � G % E D Q G ZLG W K F R X OG Q R W E H S U H �
F LV H O\ P H D V X U H G � D Q D P S OLp H U ZLW K P R U H W K D Q � � G E R I J D LQ ZD V G H V LJ Q H G
IR U D E R X W � � *+ ] E D Q G ZLG W K � 7K H P LU U R U �G R X E OH U D P S OLp H U H [K LE LW H G J D LQ
S H D NLQ J R I D OP R V W � G % � $ K LJ K E D Q G ZLG W K D P S OLp H U ZD V G H V LU H G ZLW K q D W W H U
J D LQ �IU H TX H Q F \ F K D U D F W H U LV W LF V �
$ J H Q H U LF F LU F X LW G LD J U D P R I W K H U H YLV H G D P S OLp H U G H V LJ Q V LV V K R ZQ LQ p J �

� �� � 7K H D G G LW LR Q R I W K H F X U U H Q W P LU U R U G R H V U H TX LU H V R P H ZK D W P R U H S R ZH U
G LV V LS D W LR Q � E X W ZLW K LP S U R YH G E LD V V W D E LOLW \� ' H J H Q H U D W LR Q U H V LV W R U V R Q W K H
F X U U H Q W P LU U R U W U D Q V LV W R U V K D YH E H H Q S U R YLG H G ZLW K K H D W V LQ NV � D V S D U D V LW LF
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)LJ X U H � �� � 0H D V X U H G 6 S D U D P H W H U V R I W K H 0LU U R U ' R X E OH U $ P S OLp H U �

F D S D F LW D Q F H W R J U R X Q G D W W K LV Q R G H G R H V Q R W D oH F W W K H F LU F X LW S H U IR U P D Q F H �
7K H IH H G E D F N U H V LV W R U D Q G W K H V K X Q W U H V LV W R U V W R J U R X Q G R Q W K H LQ S X W D Q G
R X W S X W G R Q R W K D YH K H D W V LQ NV � D Q G K D YH E H H Q V L] H G W R F R Q IR U P ZLW K P R U H
F R Q V H U YD W LYH G H V LJ Q U X OH V � 7K H E \S D V V F D S D F LW R U R Q W K H F R OOH F W R U R I 4� LV
D U D G LD O V W X E H V W LP D W H G D W � � � I)� / D U J H U YD OX H V R I F D S D F LW D Q F H K H U H ZR X OG
S U R YLG H D OR ZH U LP S H G D Q F H S D W K W R J U R X Q G IR U $ & V LJ Q D OV � E X W V LP X OD W LR Q V
V K R ZH G W K D W W K LV R Q O\ LQ F U H D V H G W K H J D LQ S H D NLQ J D Q G U H W X U Q OR V V H V R I W K H
F LU F X LW � 7K H V L] H R I W K LV F K LS LV V W LOO OLP LW H G E \ W K H D U H D R I W K H S D G V � W K H
S D G V D U H G H V LJ Q H G W R D F F R P P R G D W H W K H � � � zP S LW F K P LF U R ZD YH S U R E H V �

$ F K LS S K R W R R I W K H K LJ K �J D LQ D P S OLp H U LV V K R ZQ LQ p J � � �� � � W K H ZLG H U
E D Q G ZLG W K YH U V LR Q ZR X OG E H Q H D U O\ LQ G LV W LQ J X LV K D E OH D W W K LV P D J Q Lp F D W LR Q
D Q G V R LV Q R W V K R ZQ � $ V OLJ K W O\ P R U H F R P S OLF D W H G OD \R X W LV H YLG H Q W G X H W R
W K H F X U U H Q W P LU U R U V � D Q G W K H U H LV D S R LQ W D W ZK LF K D 0� E LD V LQ J OLQ H F U R V V H V
R YH U W K H 0� R X W S X W LQ G X F W R U � 7K LV LV Q H F H V V D U \ G X H W R W K H W R S R OR J \ R I W K H
F LU F X LW D Q G W K H Q X P E H U R I E LD V LQ J S D G V � 7K H S D U D V LW LF F D S D F LW D Q F H R I W K LV
F U R V V R YH U K D V E H H Q P D G H D V V P D OO D V S R V V LE OH E \ K D YLQ J W K H 0� E LD V LQ J OLQ H
W D S H U G R ZQ W R � zP ZLG H D W W K H S R LQ W R I W K H F U R V V R YH U � U H V X OW LQ J LQ D Q � d
� zP � F D S D F LW R U IU R P 0� W R 0� W K U R X J K V LOLF R Q Q LW U LG H � 7K H F D S D F LW D Q F H
LV D Q H D U O\ LQ V LJ Q Lp F D Q W � I)� K R ZH YH U W K H V X P R I P D Q \ R I W K H V H F U R V V R YH U
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BIAS

BIAS

Zo = 83 Ω
τ = 1.43 ps

Zo = 83 Ω
τ = 1.24 ps

40 Ω40 Ω

83 Ω

550 Ω

All transistors are:
We X Le: 1 X 18 µm2

Wc X Lc: 2 X 20 µm2

Q1
Q2

Ic, Q1 = 15 mA
Ic, Q2 = 20 mA

)LJ X U H � �� � &LU F X LW G LD J U D P R I K LJ K � J D LQ � V H F R Q G J H Q H U D W LR Q D P S OLp H U �

BIAS

BIAS

Zo = 83 Ω
τ = 1.43 ps

Zo = 83 Ω
τ = 1.24 ps

40 Ω40 Ω

150 Ω

290 Ω

All other transistors are:
We X Le: 1 X 8 µm2

Wc X Lc: 2 X 10 µm2

Q1
Q2

Ic, Q1 = 10 mA
Ic, Q2 = 7 mA

Q2:
We X Le: 0.7 X 8 um2

Wc X Lc: 1.1 X 10 um2

)LJ X U H � �� � &LU F X LW G LD J U D P R I ZLG H � E D Q G ZLG W K � V H F R Q G J H Q H U D W LR Q D P S OL�
p H U �
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F D S D F LW D Q F H V LQ D OD U J H F K LS F R X OG V LJ Q Lp F D Q W O\ D oH F W S H U IR U P D Q F H �

)LJ X U H � �� � � &K LS S K R W R R I K LJ K �J D LQ ' D U OLQ J W R Q D P S OLp H U �

6 �S D U D P H W H U V YV � IU H TX H Q F \ D U H S OR W W H G LQ p J � � �� � D Q G p J � � �� � IR U W K H
K LJ K �J D LQ D P S OLp H U D Q G W K H K LJ K �E D Q G ZLG W K D P S OLp H U � U H V S H F W LYH O\� 7K H
' & J D LQ R I W K H K LJ K �J D LQ D P S OLp H U LV D J D LQ F OR V H W R V LP X OD W LR Q D W � � �� G % �
ZLW K D � G % E D Q G ZLG W K W K D W LV J U H D W H U W K D Q � � *+ ] � 7K H J D LQ S H D NV D W
� � �� G % � D Q G ID OOV W R � � �� G % D W � � *+ ] � : �E D Q G P H D V X U H P H Q W V ZH U H
Q R W S H U IR U P H G IR U W K LV D P S OLp H U � D V W K H � G % E D Q G ZLG W K D S S H D U V W R E H R Q O\
V OLJ K W O\ D E R YH � � *+ ] � $ Q H V W LP D W H R I W K H � G % E D Q G ZLG W K F D Q E H P D G H E \
F R Q Q H F W LQ J W K H � � *+ ] D Q G W K H � � *+ ] P H D V X U H P H Q W V ZLW K D OLQ H � 7K H J D LQ �
E D Q G ZLG W K S U R G X F W IR U W K LV ' D U OLQ J W R Q D P S OLp H U LV R YH U � � � *+ ] � D Q G W K H
S R ZH U G LV V LS D W LR Q LV � � � P : � 7K H K LJ K �E D Q G ZLG W K D P S OLp H U K D V D ' & J D LQ
R I � �� G % � V R P H ZK D W OR ZH U W K D Q W K H � �� G % H [S H F W H G IU R P W K H V LP X OD W LR Q �
7K H J D LQ G LS V G R ZQ W R � �� G % D W � � *+ ] � E X W U LV H V E D F N X S W R � �� G %
D W � � *+ ] � : �E D Q G P H D V X U H P H Q W V LQ G LF D W H D � G % E D Q G ZLG W K R I � � *+ ] �
V LJ Q Lp F D Q W O\ OR ZH U W K D Q H [S H F W H G IU R P V LP X OD W LR Q �
$ S R V V LE OH H [S OD Q D W LR Q IR U W K H OR ZH U J D LQ D Q G E D Q G ZLG W K W K D Q ZD V H [�

S H F W H G IU R P V LP X OD W LR Q LV G X H W R W K H X V H R I D � �� zP H P LW W H U V W U LS H LQ
W U D Q V LV W R U 4� � )R U W K H V LP X OD W LR Q � W K H G H YLF H P R G H O R Q O\ U H TX LU H V V S H F Lp �
F D W LR Q R I W K H H P LW W H U D U H D � LW G R H V Q R W W D NH LQ W R D F F R X Q W W K H H P LW W H U V W U LS H
ZLG W K � 5 H F D OO IU R P V H F W LR Q � �� W K D W W K H H P LW W H U U H V LV W D Q F H LV Q R W LQ YH U V H O\
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S U R S R U W LR Q D O W R W K H H P LW W H U D U H D � E X W LQ F U H D V H V P X F K ID V W H U W K D Q H [S H F W H G
ZK H Q W K H H P LW W H U V W U LS H ZLG W K LV U H G X F H G � 7K H G H J H Q H U D W LR Q U H V LV W D Q F H R Q
4� LQ W K LV F LU F X LW ZD V W K H U H IR U H V X E V W D Q W LD OO\ K LJ K H U W K D Q H [S H F W H G �

��� 'LVFXVVLRQ

7K H J D LQ �E D Q G ZLG W K S U R G X F W R I W K H V H U H V LV W LYH IH H G E D F N D P S OLp H U V ID U H [�
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