
llllllllllllll|||llllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
USOO5473283A 

United States Patent [19] [11] Patent Number: 5,473,283 
Luich ' [45] Date of Patent: Dec. 5, 1995 

[54] CASCODE SWITCHED CHARGE PUMP 0238041 9/1987 European Pat. on. 
CIRCUIT 

Primary Examiner—Siegfried H. Grimm 
[75] Inventor; Thomas M, Luich, Puyanup, wash, Attorney, Agent, or Firm—Limbach & Limbach; H. Donald 

Nelson; Richard J. Roddy 
[73] Assignee: National Semiconductor Corporation, 

Santa Clara, Calif. [57] ABSTRACT 

A low leakage, metal oxide semiconductor ?eld e?ect tran 
[21] APPL NO-I 335,091 sistor (MOSFET) charge pump circuit includes P and 

- N-MOSFET current mirrors P- and N-MOSFET current 22 F1 d: N . 7 ’ 
[ 1 1 C 0v ’ 1994 switches and an output node. The P-MOSFET current mirror 
[51] Int. Cl.6 ................................................... .. H03L 7/089 sources an output current which is switched by the P-MOS 
[52] US. Cl. ................................. .. 331/8; 331/17; 331/25; FET current switch in accordance with a pump-up control 

327/157 signal to provide a pump-up current. The width of the 
[58] Field of Search .................................. .. 3.31/8, 17, 25; channel of the P-MOSFET current Switch is substantially 

327/148, 157 less than the sum of the widths of the channels of the 
P-MOSFETs of the P-MOSFET current mirror. The 

[56] References Cited N-MOSFET current switch, in accordance with a pump 
down control signal, switches a pump-down current which 

US‘ PATENT DOCUMENTS is sunk by the N-MOSFET current mirror. The width of the 
4,745,372 channel of the N-MOSFET current switch is substantially 
4,314,726 less than the sum of the widths of the channels of the 
5,068,628 N-MOSFETs of the N-MOSFET current mirror. The output 
5,153,530 node couples the P-and N-MOSFET current switches and 
5,164,889 receives the pump-up current and provides the pump-down 
5’220’294 current to provide a net charge pump signal suitable for use 
5’233’314 McDermott et a1‘ """""""""" " by a voltage controlled oscillator within a phase lock loop. 

FOREIGN PATENT DOCUMENTS 

0054322 6/1982 European Pat. 01f. . 27 Claims, 18 Drawing Sheets 

VDD VDD 

5-10x 

i 101 
116 

_____4:/104 
lIPu 

o "f = V85 in _ , 

1 Pumpup _/ V0 

a M Pumpdn ———/—-——- (to ?lter and vco) 
109 vnn iIPD 



US. Patent ‘Dec. 5, 1995 Sheet 1 0f 18 5,473,283 

presccler -:-N counter 

I -. ' *R cuunrer 

reference 
oscillator 

PRIOR ART 

FIG. 1 

output node 

(to ?lter and vco) 

PRIOR ART 

FIG. 2 



U.S. Pat‘ent Dec. s, 1995 Sheet 2 of 18 5,473,283 

1 . 

0 ILI'LPumpdn _—/_"—""_ (to ?lter and vco) 
109 vol) lIpD 

122 IREFN ————E\1O8 

' 1102 
1)‘ ' l“540x 

__ 118 105 125i 
vs's vs-s 

100 

FIG. 3 





U.S.' Patent Dec. 5, 1995 Sheet 4 of 18 5,473,283 

11826 11816 11817 
A1 A1 Y A1 

co 1 

12 

11882 /105 

"@1271 11887 11866 11865 11843 AZ 
118183 Y A1 Y A1 Y A1 Y M 

[161159 "——', 

109 202 / 

vddu 2 

CD 

5 R1735 11881 11804 11828 

I1829 

‘MD Y T gnd 

LYOQAL, A 11814 11818 [1869 
A1 Y A1 Y 

2000 
(partial) 

FIG. 5A FIG. 58 FIG. 5C 

KEY 10 FIG. 5 HQ 5A 



Sheet 5 of 18 5,473,283 

vddu _ 

M1759 

M1766 

016ml 1 
l 

Vgnd 

Dec. 5, 1995 US. Patient 

vddu 

R1862 

‘M1848 

is} gnd 

—- net173 

net275 

lIREFN 

5 

/ 
116/122 

m: 2500 
(WW) FIG. 58 

m 
118 

4.3 ,4 gnd / 
126 







US. Patent Dec. s, 1995 Sheet 8 of 18 5,473,283 

25 . 

8n .5 SN dz d2 d8 .2: .8. .8? 

mic? 

J \/ . 2 
0 one: 

2 Q5 

unnnuqun-nc---u-—q------—-—-a-_-----.--]-—-—------‘oaNl 
od 

QN +2> 
3. so? 3 3 3 Wm so? 

nq-q----u--q-n------1----\-q-~—--u-¢_-—------n-- 
Qom: 8.0 P: 

can .2: 

use: 95a mus? 

2% 2% 2% 5%“. 598 

w mm .5 





US. Patent Dec. 5, 1995 Sheet 10 0f 18 5,473,283 

[1826 11816 11817 
‘A1 Y A1 

11878 A 
:2 

11882 /105 

Mm‘ 11867 11866 11865 “843 A2 
‘net83Y ‘NY NY M Y M 

net159 ‘ ' 

109 202 / 

2 
m 

g R1736 
_>_ > 

11869 I 

20Gb 
(partial) 

FIG. 8A FIG. 88 FIG. 8C 

KEY TO FIG. 8 ‘FIG- 5A 



US. Patent Dec. 5, 1995 Sheet 11 of 18 5,473,283 

M1766 

.1. 

016741 I 
| 

11800 

vddu 

R1862 

R1863 
— net173 

net275 

IIREFN 

66 115i? 
gnd / gnd 

118 

116/122 

%2 m=.4.3 / 
126 





US. Patent Dec. 5, 1995 Sheet 13 of 18 5,473,283 

@l 
as 

.2. .0: d2 .8. 2a 3a 2m 2w -—------------------------w——--—~qu----d an: 9: 

, 29:8 5 MTEX don 

£2?“ £3 omcogmvm 22:6 955 . 



US. Patent Dec. 5, 1995 Sheet 14 of 18 5,473,283 

mm .0: 

2%. 

m2 2: m8 2: Q; Q: . m2. 

one?221.......2...IIIZIIIIIII.ZIIII...I... NT :3 3| 

owf 8.: 3.1 

'1 , a 

‘ Pm» . a‘ coo 

S 3. 

9. S. on. 3. 

JUNE» X.‘ n: as. N.’ 

£230» 5? 3:881 E250 9E5 







US. Patent Dec. 5, 1995 Sheet 17 of 18 5,473,283 

dew d2 .02 .9: 69 .mt 62 .mg 

on: 

202.5 mCEBEm 5% 2:2..5 QEE 

mlsx 



US. Patent Dec. 5, 1995 Sheet 18 of 18 ‘5,473,283 

as 

.wmw +2 NQF 

ml 0px 

mop .0: 
68 .wt .mt +2 .ND .02 Q: 

2025 55:5 32:? 25:5 “E5 

wiex 



5,473,283 
1 

CASCODE SWITCI-IED CHARGE PUlVIP 
CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to charge pump circuits, and 
in particular, to charge pump circuits using metal oxide 
semiconductor ?eld e?'ect transistors (MOSFETs). 

2. Description of the Related Art 
Charge pump circuits, in general, are well known in the 

art. Such circuits are used when a circuit node needs to be 
charged to some predetermined voltage level. For example, 
referring to FIG. 1, one common application for charge 
pump circuits is a phase lock loop. In accordance with well 
known principles, the output signal from a voltage con 
trolled oscillator (VCO) is divided down (in frequency) and 
compared against a reference oscillator signal. This com 
parison is done with a phase comparator, or phase detector, 
with the charge pump circuit being part of the phase com 
parator. The output from the phase comparator is ?ltered by 
a loop ?lter (e.g. low pass) to produce, at an output node, a 
dc voltage for driving the VCO. 

Referring to FIG. 2, one form of conventional charge 
pump circuit 10 includes a “pump-up” current mirror 12 
with an associated input current switch 14 and a “pump 
down” current mirror 16 with an associated output current 
switch 18, coupled together at an output node 20. The ?rst 
current mirror 12 has an input P-MOSFET 22 whose drain 
and gate terminals are connected to the gate terminal of an 
output P-MOSFET 24. The source terminals of these 
P-MOSFETs 22, 24 are connected to the positive supply 
voltage VDD. The incoming pump-up signal 15 is a positive 
logic binary signal which turns the N-MOSFET 14 input 
current switch o?’ and on to establish an input reference 
current IRE),1 through the input P-MOSFET 22 and current 
limiting resistor 26. This reference current IREFl is repli 
cated, or “mirrored”, in the output P-MOSFET 24 to provide 
a pump-up current I PU. ' 

The second current mirror 16 is the “analog” of the ?rst 
current mirror 12, i.e. with N-MOSFETs and P-_MOSFETs 
substituted for P-MOSFETs and N-MOSFETs, respectively. 
Accordingly, the incoming pump-down signal 19, which is 
a negative logic binary signal, turns the P-MOSFET 18 input 
current switch o? and on to establish an input reference 
current IREm through the input P-MOSFET 28 and current 
limiting resistor 32. This reference current IREF2 is repli 
cated in the output N-MOSFET 30 to sink a pump-down 
current IPD. 

Frequently, it is necessary to source a relatively large 
pump-up current IPU and sink a relatively large pump-down 
current IPD to and from the output node 20, respectively. 
Accordingly, the output, or driver, MOSFETs 24, 30 are 
typically actually several MOSFETs connected in parallel 
with one another with each one replicating the input, or 
reference, current. For example, in the charge pump circuit 
10 of FIG. 2, the output P-MOSFET 24 and N-MOSFET 30 
each actually represent a number of such devices (e.g. 5-10 
each) connected in parallel. This allows the replicating 
action of the current mirrors 12, 16 to also introduce 
multiplication factors into such current replication process. 

While this type of charge pump circuit is well suited to 
many applications, a number of drawbacks nonetheless 
exist. For example, the size of the output MOSFETs 24, 30 
are typically quite large due to the relatively high output 
current demands (e.g. sourcing and sinking) and the 
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dynamic output voltage range. Such large devices are sub 
ject to high leakage currents due to scalable effects such as 
subthreshold leakage, gate induced drain-to-well leakage 
and parasitic Schottky diode (drain-to-well) leakage caused 
by shallow junctions. Such leakage effects are at best 
undesirable and at worst quite problematic in many appli 
cations. For example, for a phase lock loop (e.g. FIG. 1) in 
which the charge pump circuit 10 is to be operated in an 
open loop mode for any period of time, such as for open loop 
modulation, such leakage results in an unstable VCO tuning 
voltage at the output node 20. This, in turn, causes problems 
with respect to frequency stability at the output of the VCO 
in the form of unwanted frequency deviation, higher output 
noise levels and higher magnitude spurious signals due to 
the phase loop reference. 
One way to reduce these leakage elfects would be scale 

down the current mirror devices, particularly the output 
MOSFETs 24, 30. However, this would have the undesirable 
effect of increasing the eifective series resistance of the 
MOSFET channels thereby reducing the operating range of 
the current mirror (e. g. useable output voltage V DS), as well 
as increasing the gate voltage necessary for driving the 
MOSFET to provide the same amount of output current. 
Furthermore, scaling down the devices can result in “short” 
MOSFET channels (e.g. less than 0.5 micron). This is 
undesirable due to well known problems caused by short 
channel effects. Therefore, it is desirable to maintain “long” 
MOSFET channels (e.g. approximately 2 microns). Accord 
ingly, in order to keep the MOSFET channel resistance 
constant, the channel width must then also be proportion 
ately higher, consistent with the length of the channel. 

Another problem associated with this conventional charge 
pump circuit 10 relates to the fact that the input reference 
currents IREF1, IREm for the current mirrors 12, 16 are 
typically switched on only during a pump condition. Gen 
erally, the reference currents IREF1, IRE” are kept as small 
as possible so as to minimize power consumption. This 
results in time constants at the gate terminals of the output 
MOSFETs 24, 30 being long due to the large dimensions of 
the output MOSFETs 24, 30 (as noted above). Due to such 
long time constants, the time required for the pump currents 
IPU, IPD to reach their ?nal values, both on and off, are also 
long. This, in turn, can result in long pump correction times, 
resulting in excess accumulated charges at the output node 
20, thereby causing further voltage ?uctuation at the output 
node 20. 

Accordingly, it would be desirable to have an improved 
charge pump circuit design which avoids the need for, and 
therefore the problems associated with, scaling down MOS! 
FET device dimensions for minimizing leakage effects. It 
would be further desirable to have such an improved charge 
pump circuit design which also avoids the problems asso 
ciated with long time constants associated with the pump-up 
and pump-down currents. 

SUMMARY OF THE INVENTION 

An apparatus with a low leakage, metal oxide semicon 
ductor ?eld effect transistor (MOSFET) charge pump circuit 
in accordance with one embodiment of the present invention 
includes two output current sources, two output controllers 
and an output node. The ?rst output current source includes 
a number of MOSFETs for sourcing a ?rst output current. 
The ?rst output controller includes a MOSFET coupled to 
the ?rst output current source and receives a pump-up 
control signal and the ?rst output current and in accordance 












