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(57) ABSTRACT 

A linear ramp generating and control circuit ?nding particu 
lar applicability in a time interval measurement system. The 
linear ramp circuit includes a hold capacitor Which may be 
linearly discharged during one operating mode of the circuit 
by coupling a constant current source to the capacitor. The 
voltage on the hold capacitor is linearly discharged aWay 
from a baseline voltage level to a data voltage level Which 
is subsequently passed to an analog-to-digital converter of 
the time interval measurement system for further processing. 
The hold capacitor voltage is returned to the baseline voltage 
level during a recovery mode of circuit operation by a 
recovery or recharge network. The recharge network may 
include an active-feedback circuit Which implements an 
approximately second-order voltage response to the hold 
capacitor during the recovery mode of operation. The circuit 
may also include a composite ampli?er for buffering the 
hold capacitor voltage level to a circuit output during a hold 
mode of circuit operation. The effect of this invention is that 
the errors such as drift, signal noise, and baseline voltage 
instability can be minimized. 
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TIME INTERVAL MEASUREMENT SYSTEM 
INCORPORATING A LINEAR RAMP 

GENERATION CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of priority pur 
suant to 35 USC §119 (e)(1) from the provisional patent 
application ?led pursuant to 35 USC §111(b) as Ser. No. 
60/039,624 on Mar. 13, 1997. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a linear ramp 
generating and control circuit and in particular, to such a 
circuit Which may be digitally controlled by and for use in 
association With a time measurement apparatus. 

BACKGROUND OF THE INVENTION 

[0003] The linear ramp generating and control circuit of 
the present invention ?nds particular applicability in a 
measurement apparatus for measuring time intervals 
betWeen signal events, Wherein each measured interval 
comprises the summation of a coarse clock count and ?ne or 
calibrated vernier counts of the measured fractional clock 
periods after each START and STOP event. Such a time 
measurement system is disclosed in US. Pat. No. 4,908,784 
to BOX, the entirety of Which is herein incorporated by 
reference. More speci?cally, the linear ramp circuit of the 
present invention is an improvement of the linear ramp 
circuit of the Box ’784 device as disclosed in FIGS. 9e-f and 
accompanying speci?cation. As such, the present invention 
concerns that portion of the total time measurement appa 
ratus necessary to generate-both a rough clock count (course 
count) and an uncalibrated vernier count (?ne count) When 
provided With START and STOP signals. 

[0004] As discussed in the Box ’784 patent, measurement 
of calibrated vernier counts of the clock periods or fractional 
beginning and end times of any event is effectuated With a 
voltage address developed by associated start and stop ramp 
capacitive circuitry and passed to an analog to digital 
converter Which is used to access the stored corresponding 
time value from a calibrated ?ne count memory. Recharging 
of the hold capacitor in the Box ’784 device Was effectuated 
through a diode clamp netWork to restore the baseline 
voltage to the hold capacitor during the recovery mode of 
operation. Limitations of the diode clamp circuit include 
relatively poor consistency and lack of repeatability betWeen 
successive data samples, relatively long time constants of 
the hold capacitor voltage recovery (requiring increased 
time interval betWeen data samples to ensure stable voltage 
levels), and poor thermal dependence (thermal drift). 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide a 
linear ramp generation circuit Which decreases errors such as 
drift, signal noise, and baseline voltage instability. 

[0006] According to the present invention, there is pro 
vided a linear ramp generation circuit adapted to operate 
sequentially in three modes: a discharge mode When the 
voltage on a hold capacitor is linearly discharged; a hold 
mode When the voltage on the hold capacitor is output to an 
analog-to-digital converter; and a recovery mode When the 
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voltage on the hold capacitor returns to its baseline level 
prior to the successive measurement cycle. Upon occurrence 
of a measured signal event, Whether a START or STOP 
event, the circuit of the present invention operatively 
couples a regulated current sink to the associated hold 
capacitor in the START/STOP track and hold circuits (data 
sample or discharge mode). This initiates a linear discharge 
of the hold capacitor from a base level to a data level, the 
data level being determined by the time interval that the 
current sink netWork is coupled to the hold capacitor. During 
the hold mode of operation, the data level (capacitor voltage) 
is subsequently passed to the analog to digital converter and 
used to calculate the ?ne count time periods. In turn, the hold 
capacitor is recharged prior to the neXt signal event during 
the recovery phase by an active feedback ampli?er netWork. 
Discharge of the precision hold capacitors by the regulated 
current sink netWork during the discharge or data sample 
phase of the circuit operation results in a substantially linear 
discharge of the hold capacitor, the full range of Which is 
de?ned through calibration to coincide With one master 
clock cycle period. 

[0007] One of the linear ramp generator circuits of the 
present invention is provided for each START and STOP 
?ne count measurement subsystem of the time interval 
measurement device. Control signals are provided to the 
START and STOP linear ramp generator circuits of the 
measurement device, and include SRC (source) and SNK 
(sink) and their complementary signals. The control signals 
can be derived directly from the START and STOP event 
signals and an asynchronous master clock. 

[0008] In summary, the major operational components of 
the ramp generator circuit include a SRC (source) control 
sWitching netWork, a SNK (sink) control sWitching netWork, 
a stable current sink netWork, and an active feedback net 
Work for ef?cient recovery mode operation. The SRC con 
trol sWitching netWork controls the hold capacitor recharge 
during the recovery mode of operation by operatively con 
necting the active feedback netWork to the hold capacitor. 
The SRC control sWitching netWork includes a differential 
con?gured current-steering sWitch, Which may be a pair of 
emitter-coupled n-p-n type bipolar transistors and associated 
resistor netWork. The SNK netWork controls the discharge of 
the hold capacitor by coupling and un-coupling the current 
sink to the hold capacitor during the discharge mode of 
operation. The SNK netWork includes a differential current 
steering netWork, Which may be a emitter-coupled pair of 
n-p-n transistors and associated resistor and capacitor net 
Work. The constant current sink netWork is implemented to 
linearly discharge the hold capacitor during the discharge 
mode operation. The constant current netWork includes a 
base-coupled n-p-n transistor, the base node of transistor 
being coupled to the output of an op-amp and an associated 
impedance netWork. The ramp generator circuit also 
includes an active feedback netWork Which is operatively 
connected by the SRC control sWitching netWork to the hold 
capacitor during the recovery mode of circuit operation to 
recharge the hold capacitor to its baseline voltage. Desirably, 
the active feedback circuit recharges the hold capacitor 
through a substantially second-order or near “Bessel” -type 
response. 

[0009] Additional objects and advantages of the invention 
Will be set forth in the detailed description Which folloWs 
When taken in conjunction With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiment given 
beloW, serve to eXplain the principles of the invention 
Wherein: 

[0011] FIG. 1 illustrates a conceptual timing diagram of 
the operation of a time measurement apparatus incorporating 
the linear ramp generator circuit of the present invention; 

[0012] FIG. 2 illustrates a continuation of the conceptual 
timing diagram of FIG. 1; and 

[0013] FIG. 3 illustrates a detailed schematic diagram of 
the linear ramp generator circuit of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0014] Referring ?rst to FIG. 1, a conceptual timing 
diagram is shoWn of the methodology employed by a time 
interval measurement system incorporating the present 
invention to measure With picosecond precision either 
repetitive or non-repetitive events so long as a detectable 
edge condition is present. One approach of time interval 
measurement is described in US. Pat. No. 4,908,784 to BOX, 
the entirety of Which is herein incorporated by reference. As 
described in BOX ’784, such a time measurement system 
divides the interval to be measured into three periods: a 
coarse count period and START and STOP ?ne count 
periods. The coarse count period is comprised of a Whole 
integer number of the clock cycles produced by a precisely 
calibrated, asynchronous, master clock signal. The ?ne 
count periods are each fractional measures of one master 
clock cycle and are determined relative to time values stored 
Within a calibrated ?ne count memory (FCM). As Will be 
discussed in more detail hereinafter, the measurement of the 
?ne count periods is achieved by discharging individual hold 
capacitors 58 in the START and STOP measurement cir 
cuitry With a regulated current sink from the beginning of the 
separately detected START and STOP events until the 
succeeding second leading edges of the master clock signal. 
After the occurrence of the leading edge of the clock signal, 
the attained analog capacitor voltage is passed to an analog 
to-digital converter and used to compute a corresponding 
address for a corresponding time interval stored Within the 
?ne count memory. The start and stop ?ne count measure 
ments are neXt combined With the course count measure 

ment. The coarse count is obtained in a conventional manner 

by counting each complete clock cycle for the intervening 
period. As described, the measurement of the ?ne count 
periods is derived from measured analog event values Which 
are converted to digital form and processed via a micropro 
cessor With reference to the FCM. 

[0015] Still referring to FIG. 1, a number of WaveformsA 
through I are shoWn Which depict in greater detail the 
operation of the circuitry 10. A signal (Waveform A) is 
illustrated as a pair of edge events, the time interval ther 
ebetWeen being of interest. The signal A may be presented 
on a single channel or obtained betWeen a pair of channels. 
The master clock signal is shoWn in Waveform B as a series 
of pulses. Waveform C illustrates the START_SRC (source) 
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signal Which transitions from high to loW upon the ?rst event 
of signal A. Waveform D illustrates the START_SNK (sink) 
signal Which transitions from loW to high upon the ?rst event 
of signal A and returns to loW upon the second rising edge 
of the clock signal B. The START_SNK signal D dictates 
(When high) the discharge of the ramp circuit 10 hold 
capacitor 58 as illustrated in the START_DATA Waveform 
E. Waveforms G, H, I represent STOP ramp signals, and 
correspond to the Waveforms C, D, E of the START ramp 
signals described above. The COUNT data depicted as 
Waveform F includes the START and STOP ?ne count 
intervals and the coarse count interval. Thus, as described 
above Waveforms D and H illustrate the ramp start and stop 
control signals (SNK and SRC) Which can be directly 
derived from the START and STOP event signals and an 
asynchronous master clock. Waveforms E and I represent 
hold capacitor 58 voltage levels during the ?ne count 
discharge mode (D) and hold mode 

[0016] Referring noW to FIG. 2, the operation of the ramp 
generator circuit 10 in the hold mode and recover mode 
(R) is illustrated. FIG. 2 illustrates a continuation of the 
timing diagram of FIG. 1, though the time scale of FIG. 2 
is approximately double in order of magnitude (time 
expanded) as compared to FIG. 1. Waveforms J and K 
represent the control signal for the analog to digital conver 
sion process of the data at the circuit’s 10 start and stop 
DATA output terminals 20. With reference to Waveforms E 
and I, the analog-to-digital conversion occurs during the 
hold mode of operation and prior to the capacitor 58 
recharge during recovery mode Waveforms C and G are 
START_SRC and STOP_SRC signals Which activate the 
recharge of the hold capacitors 58 to baselines level during 
the recovery mode Upon occurrence of a measured 
signal event, Whether a START or STOP event, the circuit of 
the present invention operatively couples a regulated current 
supply to the associated hold capacitor 58 in the START or 
STOP track and hold circuits (data sample mode). This 
initiates a linear discharge of the hold capacitors 58 from a 
baseline voltage level to a data voltage level, the data 
voltage level being determined by the time interval that the 
current sink netWork 26 is coupled to the hold capacitor 58. 
During the hold mode of operation, the data voltage 
level is subsequently passed to the analog-to-digital con 
verter and used to calculate the ?ne count time periods. In 
turn, the hold capacitors 58 are recharged prior to the neXt 
signal event during the recovery phase (R) by an active 
feedback ampli?er structure 28, as Will be discussed here 
inafter. Discharge of the precision hold capacitors 58 by the 
regulated current sink netWork 26 during the discharge or 
data sample phase (D) of the circuit operation results in a 
substantially linear discharge of the hold capacitor 58, the 
full range of Which is de?ned through calibration to coincide 
With one master clock cycle period. When using a hold 
capacitor 58 in this manner to generate a ramp by coupling 
and uncoupling a current sink, it is appreciated that delete 
rious effects of charge injection caused by sWitching tran 
sients should be minimiZed. The present circuit limits charge 
injection effects by operating the hold capacitors 58 from a 
single baseline voltage level. In contrast, the BOX ’784 ramp 
generator circuit provided a pair of baseline levels, the 
capacitor ?rst discharging from a level near ground to a 
voltage VBIAS, then charging the capacitor until the neXt 
master clock edge. To further limit the charge injection 
effects, the ramp generator circuit of the present invention 
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requires only tWo control signals (SRC and SNK) instead of 
the three control signals required in Box ’784. 

[0017] Referring noW to FIGS. 3 and 4, the digital 
logic-controlled discharge, hold and recovery circuit 10 (or 
linear ramp generator circuit) Will be described in detail. 
FIG. 4 schematically depicts a precision voltage reference 
generation netWork 210 supplied to the circuit 10 of FIG. 3. 
Referring particularly to FIG. 3, one of these ramp generator 
circuits 10 is provided for each of the START and STOP ?ne 
count time measurement subsystems. Control signals into 
ramp generator circuit include SRC and SNK and their 
complementary signals provided at nodes 12, 14, 16, 18. The 
output signal, DATA is operatively connected to an analog to 
digital converter (not shoWn) at node 20 for subsequent ?ne 
count processing. Major operational components of the 
ramp generator circuit include a SRC control sWitching 
netWork 22, a SNK control sWitching netWork 24, a stable 
current sink netWork 26, and an active feedback netWork 28 
for ef?cient recovery mode operation. 

[0018] Still referring to FIG. 3, the SRC control sWitching 
netWork 22 includes a differential con?gured current-steer 
ing sWitch, Which may be a pair of emifter-coupled n-p-n 
type bipolar transistors 30, 32 and associated resistor net 
Work 34, 36, 38, 40, 42, 44, 46, 48, 50, 52. The differential 
sWitch netWork is operatively connected to the SRC control 
signal and its complementary signal SRC_BAR, provided at 
nodes 12, 14. More particularly, the base nodes of the 
transistors 30,32 are coupled to control nodes 12 and 14, 
respectively, Where a control signal SRC and the comple 
mentary control signal SRC_BAR respectively appear. Dur 
ing the discharge and hold modes of operation of the ramp 
generator circuit 10, the SRC control sWitching netWork 22 
With transistor 30 conducting, maintains the voltage at node 
54 at a level Which prevents transistor 56 from conducting. 
When the ramp generator circuit 10 transitions into its 
recovery mode of operation (the SRC control signals 12 
transition L-H), the transistor 32 conducts, and the voltage 
level at node pair 12, 14 permits transistor 56 to conduct, and 
hence alloWs recharge of the hold capacitor 58 to its baseline 
voltage level. SRC control sWitching netWork 22 further 
includes a pair of ramp control transistors 60 and 62 Which 
are coupled to the collector node of transistor 32. Ramp 
control transistors 60, 62 control a current return path during 
the recovery phase of circuit 10 operation. During recovery 
mode, With transistor 32 conducting and transistor 60 in 
cut-off mode, current from the active feedback recovery 
circuit 28 is conducted along a return path at node 64 
through resistor 67, transistor 62 and resistor 68. During data 
sample and hold modes of operation, With transistors 30 and 
60 conducting and transistor 62 in cut-off, a high impedance 
is presented at node 64 With respect to the collector of 
transistor 62. As a result, SRC control netWork 22 effectively 
directs the recharging of the hold capacitor 58 during the 
recovery mode of circuit 10 operation and otherWise isolates 
node 64 With relatively high impedances. 

[0019] The ramp generator circuit 10 of the present inven 
tion includes a SNK netWork 24 for controlling the discharge 
of the hold capacitor 58. SNK netWork 24 includes a 
differential current-steering netWork, Which may be an emit 
ter-coupled pair of n-p-n transistors 66, 68 and associated 
resistor and capacitor netWork 70-96. The base nodes of the 
transistors 66, 68 are coupled to control nodes 16 and 18, 
respectively, Where a control signal SNK and the comple 
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mentary control signal SNK _BAR respectively are pro 
vided. The emitter nodes of the transistors 66, 68 are 
commonly coupled to the input node of the constant current 
sink netWork 26. Current provided by the constant current 
sink netWork 26 is conducted either through transistor 66 or 
transistor 68, depending on the value of the SNK control 
signals 16, 18. As a result, SNK signals 16, 18 effectively 
direct the route of current ?oW provided by the constant 
current sink netWork 26, either through transistor 66 during 
the hold and recovery modes of ramp generator circuit 10 
operation, or through transistor 68 during the discharge 
mode of operation Which, as Will be described herein, 
linearly discharges the hold capacitor 58. In sum, the SNK 
netWork 24 operatively connects the constant current sink 
netWork 26 to the hold capacitor 58 during the discharge 
mode of operation, and otherWise presents a high impedance 
at node 64 during the hold and recovery modes of operation. 

[0020] Still referring to FIG. 3, the ramp generator circuit 
10 of the present invention includes a constant current sink 
netWork 26 for linearly discharging the hold capacitor 58 
during the data sample mode of circuit 10 operation. Con 
stant current netWork 26 includes a base-coupled n-p-n 
transistor 98, the base node of transistor 98 being coupled to 
the output of op-amp 100 through resistors 102, 104. A 
feedback netWork is operatively connected betWeen the 
op-amp 100 and its inverting and non-inverting terminals 
including resistors 102-110 and capacitors 112,114. The 
magnitude of the current draWn from hold capacitor 58 may 
be calibrated With gain set pot 116 Which is connected 
betWeen reference voltage Vgain and the inverting input 
terminal of the op-amp 100. As described earlier, the con 
stant current provided by the current netWork 26 is con 
ducted either through transistor 66 or transistor 68 as con 
trolled by the SNK control netWork 24. 

[0021] Another component of the ramp generator circuit 
10 is the active feedback netWork 28 Which is operatively 
connected to the hold capacitor 58 during the recovery mode 
of circuit 10 operation to recharge the hold capacitor 58 to 
its baseline voltage. As described earlier, the active feedback 
netWork 28 of the present invention is operatively coupled 
by the SRC control netWork 22 to the hold capacitor 58 
during the recovery phase of operation to recharge the 
capacitor 58 to its baseline voltage level prior to the suc 
cessive data sample. The active feedback netWork 28 
recharges the hold capacitor 58 through a substantially 
second-order response (near “Bessel” -type transfer func 
tion) as illustrated in FIG. 2 in the recovery mode (R) of 
circuit 10 operation. The second-order response of the 
capacitor voltage during recovery being obtained through 
proper selection of circuit capacitive and resistive compo 
nents as one skilled in the art Will appreciate. Active 
feedback netWork 28 includes an op-amp 118 operatively 
connected through its output terminal to hold capacitor 58 
during recovery mode of operation as directed by SRC 
control circuit 22. Op-amp 118 is provided in a closed-loop 
inverting con?guration as the output terminal is connected 
through a feedback netWork including capacitor 120 and 
resistor 122 to the inverting input terminal. A diode con?g 
ured transistor 149 is also connected betWeen the op-amp 
118 output and its inverting input terminal. This transistor 
149 improves circuit performance by preventing op-amp 118 
from saturating during the discharge and hold modes of 
circuit 10 operation. The voltage baseline level of the circuit 
10 is calibrated With baseline pot 125 Which is connected 
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between the reference voltage Vbase and the inverting input 
of op-amp 118. An Analog Devices, Inc., Model AD829 
op-amp provides suitable performance characteristics, eg 
gain, noise, operating speed, etc. 

[0022] Yet another component of the active feedback 
control circuit 28 is a composite ampli?er netWork 124. 
Composite ampli?er circuit 124 operatively buffers the 
voltage level of the hold capacitor 58 to the DATA output 
node 20 during the hold mode of circuit 10 operation and 
presents a high impedance With respect to the gate node of 
PET 126. As illustrated, composite ampli?er circuit 124 may 
include a PET differential pair front end 126,128. The gate 
of PET 126 is connected to the hold capacitor 58 through 
resistor 127. The source nodes of the coupled FET pair 
126,128 are connected to current source 130. Drain node of 
PET 126 is connected to the inverting input terminal of 
op-amp 132, While drain node of PET 128 connects to the 
non-inverting terminal of op-amp 132. The FET differential 
pair 126, 128 is provided in a single component package, 
With transistors 126, 128 matched for gain, offset, drift, etc. 
A Temic, Inc., Model SST441 component provides suitable 
performance characteristics (combination of loW noise, loW 
leakage and high speed). Output of the op-amp 132 is 
connected both to the analog ramp output of the circuit 10 
at node 20 and to the inverting input terminal of op-amp 118 
through resistor 134. Operationally, the FET-based compos 
ite ampli?er 124 presents a high impedance at node 64 and 
thus substantially limits the extent of leakage current from 
hold capacitor 58 Which may in?uence data samples. The 
performance of the active feedback control circuit 28 impor 
tantly depends on the performance characteristics (noise, 
gain, operating speed, etc.) of the op-amps 118 and 132 and 
associated resistive and capacitive components. Applicant 
has found that Analog Devices, Inc., Model AD829 op-amp 
provides suitable performance characteristics. 

[0023] Referring again to FIG. 4, the precision voltage 
reference generation 210 netWork is illustrated. Selection of 
such a netWork 210 is readily appreciated by those skilled in 
the art. Inputs to the netWork 210 include +15V, —15V and 
ground. Precision output voltage levels include Va, Vdi?f, 
Vbase, Vgain, and Vsink. Exemplary values for V3, Vdi?f, Vbase, 
Vgain, and VSink are: —5V, 8V, —1.2V, —11.2V, and —10V, 
respectively. 

[0024] Exemplary values for the resistors of the ramp 
generator circuit of the present invention are indicated in 
Table 1. 

TABLE 1 

RESISTOR NO. RESISTANCE (ohms) 

34 150 
36 1.5 K 
38 1.5 K 
40 274 
42 274 
44 100 
46 100 
48 100 
50 100 
52 2.15 K 
55 13 K 
67 100 
68 10 K 
70 10 
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TABLE 1-continued 

RESISTOR NO. RESISTANCE (ohms) 

72 43.2 
74 43.2 
76 43.2 
78 10 
80 not installed 
82 150 
84 150 
88 150 
90 150 
92 not installed 

104 1 K 
106 0 
108 4.02 K 
110 50 
116 1 Kpot 
117 2.49 K 
122 12.1 K 
123 1 K 
125 1 Kpot 
127 49.9 
134 9.68 K 
136 100 
138 100 
140 1 K 
144 1 K 
146 1.27 K 
150 7.5 K 
152 1 K 
154 100 

[0025] Exemplary values for the capacitors of the ramp 
generator circuit of the present invention are indicated in 
Table 2. 

TABLE 2 

CAPACITOR NO. CAPACITANCE (farads) 

58 112 pf 
86 0 pf 
94 0 pf 
96 0 pf 
112 .1 Mr 
114 2000 pf 
120 68 pf 
14:; 1000 pf 

[0026] Although particular embodiments of the present 
invention have been shoWn and described, it Will be obvious 
to those skilled in the art that various changes and modi? 
cations may be made Without departing from the spirit and 
scope of the present invention. For instance, the circuit 10 
may be implemented such that during the ramp mode, the 
hold capacitor 58 voltage can be increasing While during the 
recovery mode the capacitor 58 voltage is discharged to 
return to a baseline voltage level. From the foregoing 
description of the preferred embodiments 

What is claimed is: 
1. Alinear ramp generation circuit operating in a recovery 

mode, a ramp mode, or a hold mode, said circuit comprising: 

an output node; 

a ?rst input node coupled to an externally provided ?rst 
input signal; 
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a second input node coupled to an externally provided 
second input signal; 

a constant current source netWork; 

a capacitor having a ?rst node and a second node, the ?rst 
node being maintained at a circuit reference level, the 
second node being coupled to the output node at least 
during the hold mode of operation; 

a return charge netWork for returning a voltage on the 
capacitor to a baseline level during the recovery mode; 

a ?rst sWitch means responsive to the ?rst input signal for 
connecting the second node of the capacitor to the 
constant current source netWork during the ramp mode 
of operation and changing the voltage on the capacitor 
aWay from the baseline level, and for uncoupling the 
second node of the capacitor from the constant current 
source netWork during the hold mode and recovery 
mode of operation; and 

a second sWitch means responsive to the second input 
signal for connecting the second node of the capacitor 
to said return charge netWork during the recovery mode 
of operation to return the voltage on the capacitor to the 
baseline level, and for uncoupling the second node of 
the capacitor from the return charge netWork during the 
ramp mode and hold mode of operation. 

2. A linear ramp generation circuit of claim 1, Wherein the 
return charge netWork recharges the capacitor during the 
recovery mode of operation. 

3. A linear ramp generation circuit of claim 1, Wherein the 
return charge netWork includes an active-feedback circuit 
Which implements an approximately second-order voltage 
response to the capacitor during the recovery mode of 
operation. 

4. A linear ramp generation circuit of claim 1, Wherein the 
output node is coupled to the second node of the capacitor 
through a composite ampli?er including a PET pair and an 
op-amp. 

5. A linear ramp generation circuit of claim 1, Wherein the 
?rst node of the capacitor is at a circuit ground reference 
voltage. 

6. A linear ramp generation circuit of claim 1, Wherein the 
constant current source netWork includes an op-amp. 

7. A linear ramp generation circuit of claim 1, Wherein the 
?rst and second sWitch means are differential-paired tran 
sistors. 

8. A linear ramp generation circuit of claim 1, Wherein the 
return charge netWork includes an op-amp and an associated 
impedance feedback netWork. 

9. A linear ramp generation circuit operating in a dis 
charge mode, a hold mode, or a recovery mode, said circuit 
comprising: 

a ?rst input node and a second input node for receiving a 
?rst input signal and a second input signal, respec 
tively; 

an output node; 

a constant current source netWork; 

a recharge netWork having a ?rst node and a second node, 
the ?rst node of the recharge netWork connected to the 
output node; 
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a capacitor having a ?rst node and a second node, the ?rst 
node of the capacitor being maintained at a circuit 
reference level, and the second node of the capacitor 
being coupled to the output node at least during the 
hold mode of operation; 

a ?rst transistor sWitch responsive to the ?rst input signal 
for connecting the second node of the capacitor to the 
constant current source netWork during the discharge 
mode of operation and for uncoupling the second node 
of the capacitor from the constant current source net 
Work during the hold mode and recovery mode of 
operation; and 

a second transistor sWitch responsive to the second input 
signal for connecting the second node of the capacitor 
to the second node of the recharge netWork during the 
recovery mode of operation and for uncoupling the 
second node of the capacitor from the second node of 
the recharge netWork during the discharge mode and 
hold mode of operation. 

10. A linear ramp generation circuit of claim 9, Wherein 
the recharge netWork includes an active-feedback circuit 
Which implements an approximately second-order voltage 
response to the capacitor during the recovery mode of 
operation. 

11. A linear ramp generation circuit of claim 9, Wherein 
the constant current source netWork is a current sink for 
linearly discharging the capacitor during the discharge mode 
of operation. 

12. A linear ramp generation circuit of claim 9, Wherein 
the ?rst node of the capacitor is at a circuit ground reference 
voltage. 

13. A linear ramp generation circuit of claim 9, Wherein 
the ?rst transistor sWitch and second transistor sWitch are 
differential-paired transistors. 

14. A linear ramp generation circuit of claim 9, Wherein 
the recharge netWork includes an op-amp and an associated 
impedance feedback netWork. 

15. A linear ramp generation circuit of claim 9, Wherein 
the output node is coupled to the second node of the 
capacitor through a composite ampli?er including a PET 
pair and an op-amp. 

16. A linear ramp generation circuit for operating in a 
ramp mode, a hold mode, or a recovery mode, said circuit 
comprising: 

a ?rst input node and a second input node for receiving a 
?rst input signal and a second input signal, respec 
tively; 

an output node; 

a current netWork providing a constant current; 

a return charge netWork having a ?rst node connected to 
the output node and a second node connected to a 
control node; 

a capacitor having a ?rst node and a second node, the ?rst 
node being maintained at a circuit reference level, and 
the second node being coupled to the output node at 
least during the hold mode of operation; 

a current steering element responsive to the ?rst input 
signal for connecting the current netWork to the second 
node of the capacitor during the ramp mode of opera 
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tion and for connecting the current network to a dif 
ferent node during the hold mode and recovery mode of 
operation; and 

a transistor sWitch responsive to the second input signal 
for coupling the control node of the return charge 
netWork to the second node of the capacitor during the 
recovery mode of operation and for uncoupling the 
control node from the capacitor during the ramp mode 
and hold mode of operation. 

17. A linear rarnp generation circuit of claim 16, Wherein 
the return charge netWork includes an active-feedback cir 
cuit for recharging the capacitor during the recovery mode 
of operation. 

18. A linear rarnp generation circuit of claim 17, Wherein 
the return charge netWork implements an approximately 
second-order voltage response to the capacitor during the 
recovery mode of operation. 

19. A linear rarnp generation circuit of claim 16, Wherein 
the current steering element includes differential-paired 
transistors. 

20. A method of sequentially operating a linear rarnp 
generation circuit, said method comprising the steps of: 

upon the occurrence of a ?rst input signal, discharging a 
capacitor having a ?rst node and a second node from an 
initial baseline voltage level by connecting a constant 
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current source netWork to the second node of the 
capacitor, said ?rst node being maintained at a circuit 
reference level; 

upon the occurrence of a second input signal, disconnect 
ing the second node of the capacitor from the constant 
current source netWork; 

maintaining the second node of the capacitor at a high 
impedance during a hold period after the occurrence of 
the second input signal; 

connecting the second node of the capacitor during the 
hold period to an output node; 

upon the occurrence of a third input signal, connecting the 
second node of the capacitor to a recovery netWork for 
recharging the capacitor back to the baseline voltage 
level; and 

upon the occurrence of a fourth input signal, disconnect 
ing the ?rst node of the capacitor from the recovery 
netWork prior to a succeeding ?rst input signal. 

21. The method of claim 20, further comprising the step 

upon the occurrence of the third input signal, coupling the 
second node of the capacitor through a composite 
arnpli?er including a PET pair and an op-arnp. 

* * * * * 


